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II. A SupPLEMENTARY REPORT 
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OMEWHAT more than one year ago, we* published the results of our treat- 
ment in a small group of patients who had long-standing deep phlebitis of 
one or both of the lower extremities. The patients considered in this series 
had had a deep phlebitis with onset from two months to thirty years before 
their admission to the University Hospital. All of the patients of this series, 
treated by femoral vein ligation, came to us because of pain or disability result- 
ing from the chronic deep thrombophlebitis. Femoral vein ligation is no longer 
novel or unusual but its utilization in this group and number of patients for 
the indications described is unique. We wish to report here further concerning 
the results in these patients so treated up to the present time. 

This group of patients now numbers twenty-four. They range in age from 
14 to 69 years. We have postulated that no patient with advanced arterial 
disease should be treated in this manner but this standard has been difficult to 
maintain, particularly in the evaluation of peripheral arteriosclerosis. We have, 
therefore, arbitrarily set the age limit for this treatment at 55 years. Four of 
our patients were beyond this limit; their ages at the time of ligation were 57, 
58, 64, and 69 years. There were ten women and fourteen men in this group. 

The largest number of these patients presented themselves to us because 
of chronic, recurring ulceration about the ankle. A smaller number desired 
treatment because of swelling, pain, or great ease of fatigue. Whenever super- 
ficial varices were present these were treated by ligation before the decision to 
ligate the femoral vein was made. Since we have ceased to use the injection 
method of treatment of varicose veins, none of these patients received injections 
of sclerosing agents before, during, or after femoral ligation. Likewise, no 
patient has received lumbar sympathetic blocks before, during, or after femoral 
vein ligation. The results reported in this group have, therefore, been modified 
in no way by lumbar sympathetic nerve injection. 

In a discussion and tabulation of the results up to the present time in this 
small group of patients, three of the patients should be specifically mentioned. 
The first of these is now dead, perhaps as a result of the form of treatment 
used. This patient was 57 years of age. He had had bilateral varicose veins 

Received for publication, June 19, 1945. 


*Buxton, R. W., Farris, J. M., Moyer, C. A., and Coller, F. A.: Surgical Treatment of 
Long-standing Deep Phlebitis of the Leg. A Preliminary Report, SurGERY 15: 749-756, 1944. 


663 





664 SURGERY 


for ten years. An ulcer appeared on the left ankle two years before his admis- 
sion to the University Hospital and this had failed to heal despite various forms 
of therapy. At the time of his admission it was noted that his vascular age was 
considerably greater than his chronologic age; there was considerable atrophy 
of the skin of the lower extremities, hair was absent on the legs, and the periph- 
eral pulses, the dorsalis pedis and posterior tibial, were absent bilaterally. At 
this patient's second admission, three months following the first, the examining 
physician emphasized the degree of cerebral arteriosclerosis present. The patient 
had multiple ligations of superficial varices without effect upon the supramal- 
leolar ulcer. On Nov. 23, 1943, the left superficial femoral vein was ligated. The 
patient tolerated the procedure well and was discharged after removal of the 
skin sutures. He returned to the outpatient department Jan. 18, 1944, with 
the original supramalleolar ulcer completely healed. However, the site at which 
a cut-down had been carried out for obtaining venographie studies was infected 
and ulcerated. This cleared slowly with rest, elevation, and sterile dressings. 
On Feb. 26, 1944, two superficial varices were discovered near this area of ulcer- 
ation and ligation under local procaine anesthesia. On Feb. 28, 1944, the pa- 
tient’s temperature was 104° F., and there was a diffuse cellulitis of the left 
leg. A diagnosis of surgical erysipelas was made. A regime of complete bed 
rest, elevation of the leg, moist compresses, and sulfadiazine was begun. There 
was eventual extensive sloughing of skin and subcutaneous tissues with the in- 
fection extending into deep muscle and fascial planes. Cultures from the area 
showed Staphylococcus aureus, Streptococcus viridans, and Micrococcus tetragena. 
Despite a varying course the patient gradually deteriorated. Because of a 
septie arthritis of the left ankle a guillotine amputation was done May 26, 1944. 
The pathologic specimen showed organized thrombi in the arteries. The patient 
finally became confused and then comatose. Death occurred on June 4, 1944. 
All blood cultures taken during the patient’s illness were negative. 

Had we evaluated this patient’s condition correctly, ligation of the femoral 
vein would not have been done; not only was he above the accepted upper age 
limit but physiologically he was much older. It is impossible to decide whether 
ligation of the femoral vein, distal to the profunda femoris branch, had any ad- 
verse effect upon the infection which this patient developed three months later 
as a result of the minor surgical procedure carried out. However, certainly the 
underlying arterial disease did contribute greatly to the course of the disease. 
No necropsy was obtainable upon this patient so that a final answer to many 
of our questions is not forthcoming. 


The second patient in this group was reported in our previous publication. 
This patient required incision and drainage of a residual abdominal abscess 
four months following femoral vein ligation. Forty-eight hours after incision 
and drainage, symptoms of an acute arterial embolism appeared in the popliteal 
artery and subsequent amputation was necessary. The leg had been asymp- 
tomatic in the four-month interval and we are of the opinion that the femoral 
vein ligation was in no way related to the subsequent difficulty. At the time 
of amputation, the operator noted that both artery and vein were occluded by 
thrembi. The venous thrombi were well organized. 


The third patient deserving special attention was also reported in the 
previous paper. This patient developed increasing bilateral leg edema asso- 
ciated with enlarging dilated thoracoabdominal veins over a period of two 
months following left femoral vein ligation. Ligation of the inferior vena cava 
just above the common iliac veins was done. This patient has made a satis- 
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factory convalescence, is edema free, and all leg ulcers have healed and remained 
healed for more than one year. He is asymptomatic and is considered cured, 
a result brought about by vein ligation. However, the satisfactory outcome must 
be attributed to the vena cava ligation rather than to the ligated femoral vein. 

There still remain twenty-one patients for consideration (Table I). The 
femoral vein has been ligated on both sides in two of these patients, making a 
total of twenty-three ligations in twenty-one patients. The left femoral vein 
was ligated seventeen times, the right, six times (two patients had bilateral 
vein ligations). The common femoral vein was ligated ten times, the superficial 
femoral vein (femoral vein beyond the profunda femoris branch), thirteen 
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times. Fourteen of these patients had chronic ulcerations about the ankle at 
the time of femoral ligation; one of these had a bilateral ligation with ulcers 
present on both ankles, thus making a total of fifteen ulcers so treated. 

Of the fourteen patients with ulceration, six have now had complete healing 
of the ulcers for one year or longer; the one patient with bilateral ulceration 
and bilateral ligation has had complete healing of both ulcers for four months. 
The ulcers of three patients have been healed for three months or less; another 
patient’s ulcer has been healed for some time, but the exact length of time is 
not known. In two patients only is the area of chronic ulceration unhealed at 
the present time. Upon two patients, excision of the ulcer and grafting has 
been necessary. Upon the first patient a full-thickness graft was placed, an 
excellent take obtained, and the graft remained satisfactory for about six months. 
Partial regrafting was done elsewhere and to date this has remained satisfac- 
tory. The patient reports visibly distended varicose veins but has failed to 
return for treatment of these. Upon the second patient Reverdin grafts were 
placed on two large ulcers. The grafts have remained on one ulcer to date 
(four months) and are satisfactory. A portion of those on the second were 
lost and have recently been replaced. 

In five patients ligation of superficial varices became necessary following 
femoral vein ligation. There is a varying degree of rise in the venous pressure 
of the left following femoral ligation. It is possible that valves formerly com- 
petent are no longer so with this rise in pressure; more likely vessels with al- 
ready incompetent valves become more prominent, elongated, and tortuous with 
the resulting rise in intravascular pressure. It has been necessary to watch 
carefully for the appearance of these varices since they have been responsible 
for the failure to heal of several ulcers and, where healing has occurred, re- 
appearance of the ulcer has coincided with the appearance of varices. One 
patient whose ulcer has failed to heal to date was discharged against advice 
from the hospital and has failed to return since that time. She reports no 
varices but very probably these are present and failure to heal may well be due 
to their presence. The second patient with an unhealed ulcer has also failed — 
to return for examination. 

Seven of the twenty-one patients did not have ulcerations about the leg or 
ankle at the time of femoral vein ligation. These seven patients were admitted 
for treatment because of swelling, pain, and marked ease of fatigue. Reports 
from all but one of these patients up to the present time indicate that there 
has been little improvement in the degree of swelling as compared with their 
preoperative status, and, in addition, ease of fatigue with exercise continues to 
be a prominent symptom. In none of this group have ulcerations appeared and 
only one patient shows evidence of superficial varices. These she has refused 
to have ligated up to the present time. Only one patient in this group is com- 
pletely asymptomatic. 

In this group of seven patients, without ulceration at the time of femoral 
vein ligation, there has been little improvement from this form of treatment. 
Theoretically the patients in this group should respond well, perhaps better 
than those patients with ulceration, since the local and regional soft tissue, 
vascular, and perivascular reactions to chronic infection are absent. There 
has been a variable relief of pain, characterized as aching, which may be the 
result of some release of vasospasm. 

The level of femoral vessel chosen for ligation has been based upon the 
presenting signs and symptoms, pain or swelling extending above the level of 
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the knee, or the historical evidence of the extent of the original thrombophlebitic 
process as obtained from the patient at the time of admission. In those patients 
in whom there was evidence of involvement of the femoroiliac system above the 
level of the profunda femoris vein, ligation of the common femoral vein was 
carried out. In the remainder, ligation of the superficial femoral vein was 
done. The degree and extent of postoperative residual edema are equally dis- 
tributed between those patients with ligation above and below the profunda 
femoris branch. Likewise, the number of superficial varices appearing after 
femoral. ligation also seems to bear no relation to the level of ligation since they 
are equally distributed in the two groups of patients. In so far as we are able 
to judge, the level of vein ligation, above or below the profunda femoris branch 
bears little relation to the degree or duration of postoperative edema, to the 
appearance of superficial varices postoperatively, or to the end result. 


ILIAC VESSEL LIGATION 


We have had oceasion to ligate the common iliae vein in only one patient 
where a long-standing phlebitis was present. This patient had had a post- 
abortal femoroiliae thrombophlebitis thirteen years previously with exacerba- 
tions at intervals, particularly during subsequent pregnancies. No ulcerations 
were present at the time of her admission to the University Hospital. However, 
there had been a mild flare-up of the phlebitic process recently and one day 
pre-admission, the patient had a sudden onset of severe chest pain. Hemoptysis 
did not occur until after admission to the hospital. The patient’s subsequent 
course and response to therapy was such as to lead to a clinical diagnosis of 
pulmonary infarction. The left common iliac vein was ligated, extraperitoneally, 
on Sept. 8, 1944. No clot was present within the vein. The vein was ligated in 
continuity. The patient’s course postoperatively was good and there was marked 
subsidence of the left leg edema at discharge. 

This patient was readmitted Dec. 12, 1944, because of continued edema of 
the left leg. A course of five daily lumbar sympathetic procaine injections was 
given. With each injection there was dryness and increased warmth of the foot 
and leg. The patient was kept at complete bed rest for the five days and all 
measurements of the leg on discharge were the same as on admission. There 
was slight lessening of the induration in the supramalleolar areas. 

Vein ligation was done in this patient primarily for a probable phlebothrom- 
bosis superimposed upon a chronic thrombophlebitis. There was little improve- 
ment over the preoperative state of the leg in the three months immediately 
following operation. Postoperative lumbar procaine injection produced little 
change in the condition of this patient’s leg. 


VENA CAVA LIGATION 


The inferior vena cava has been ligated upon seven patients with a long- 
standing phlebitis of both lower extremities (Table II). Three of these patients 
had long-standing stasic ulcers about the ankles. The remainder complained 
only of pain, swelling, and ease of fatigue. The first patient upon whom this 
procedure was carried out had had ligation of the common femoral vein two 
months previously. There was progression of the thigh edema as well as 
marked progressive dilatation of the thoracoabdominal veins. The second pa- 
tient so treated had primary healing of the supramalleolar ulcer with subsequent 
breakdown. She has been recently treated by excision of the ulcer with grafting. 
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In all of the patients with preoperative ulcers there has been healing during the 
ten-day postoperative period following caval ligation. 

It is to be noted that all of the patients, with the exception of one with a 
recent ligation, have had a variable degree of postoperative edema. This has 
been less than that which occasionally oceurs following ligation of the femoral 
vein, particularly for phlebothrombosis. The first patient upon whom ligation 
of the vena cava was done has now passed the twelve-month period following 
ligation and has no edema, although prolonged trial without external supports 
has not been tried. No edema is present when the elastic hose are not worn for 
short periods. He is able to carry on his occupation as a farmer without pain 
or fatigue. All of the remainder of the patients in this group are still wearing 
supports constantly and by this means are able to control the edema well. 
Fatigue, in each of these with edema, is still present to some degree. 
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DISCUSSION 


It is to be noted that in this group of patients upon whom vein ligation 
has been tried as a definitive form of therapy in the treatment of their chronic 
deep thrombophlebitis. the intensity and care with which they have been fol- 
lowed and observed during their postoperative period are much greater than 
that usually given patients with this disease. This has undoubtedly influenced 
greatly the end results seen in this small group of individuals. Had this not 
been done, the good results up to the present time might well have been no 
different than with the multitude of other forms of treatment outlined in the 
past for this group of patients. How much the end results are influenced by 
the operative procedure and how much by the constant postoperative care can- 
not be stated. 


The outstanding end result that can be reported up to the present time is 
the high incidence of healing of stasic ulcers. In each group of patients, those 
treated by femoral vein ligation and those by vena caval ligation, there has been 
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immediate and permanent healing of a certain number of ulcers. There is a 
second group of patients in whom healing has been long delayed, or in whom 
healing has occurred with subsequent reulceration and subsequent healing only 
after ligation of newly present superficial varices. In one individual (No. 
526,215) this has occurred four times, healing occurring promptly after ligation 
of the newly discovered varices. Thus, each of these patients must be watched 
earefully over a period of at least one year’s time for appearance of varices in 
the superficial venous system. Despite the fact that the appearance of these 
suggests that they are a portion of the developing collateral venous system, liga- 
tion is imperative since their persistence presages a recurrence or reappearance 
of stasic dermatitis and ulceration. 

The most disappointing patients have been those upon whom ligation has 
been done in the absence of stasic ulceration. A large number of this class of 
patients will eventually develop induration, pigmentation, and ulceration, per- 
haps many years later. In these individuals venous ligation was considered an 
attempt not only at therapy but at prophylaxis. From the standpoint of ther- 
apy, the treatment may be considered a failure. Dependent edema and ease of 
fatigue appear to be little relieved while pain is still present though unpre- 
dictably diminished in some. It remains to be seen whether subsequent ulcera- 
tion has been prevented in these patients. 

A comparison between those patients treated by femoral vein ligation, iliac 
vein ligation, and caval ligation cannot be made at the present time. The magni- 
tude of the operative procedure is considerably greater the higher in the venous 
tree ligation is carried. To date no deaths have occurred among those patients 
subjected to iliac or caval ligation. The immediate end results appear to be 
the same, although sufficient time has not elapsed to make an aceurate ecompari- 
son. Unfavorable late sequelae to iliac or caval ligation have not been un- 
countered. 





VENOUS PRESSURES IN DISORDERS OF THE VENOUS SYSTEM 
OF THE LOWER EXTREMITIES 


LIEUTENANT COLONEL M. DAWSON TYSON AND CAPTAIN WILLIAM C. GooDLETT 
MepicaL Corps, ARMY OF THE UNITED STATES 


T SEEMS worth while to report some observations on the venous pressure found 
in disorders of the venous system of the lower extremities. The direct de- 
termination of the venous pressure in the lower extremities is not often made. 
This is due in part to the fact that the value of the estimation of the venous 
pressure has not been frequently called to the attention of surgeons and in part 
to the technical difficulties in performing the task. 


TECHNIQUE 


There are several methods for determining the venous pressure. The meth- 
ods used in this work are as follows: The venous pressure is taken in one of the 
veins of the foot or ankle. In most instances the saphenous vein near the in- 
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ternal malleolus is the most satisfactory vein to use. The patient is placed in 
the supine position and the table adjusted so that a base line corresponding 
to the auricular level of the heart can be measured on the manometer. There 
are two methods that we use. Either method is satisfactory. The largest caliber 
needle that can be introduced in the vein is used. The most satisfactory size is 
No. 19. 


In one method the system of tubing is filled with normal saline solution. “The 
three or four inches of tubing to be attached to the needle is then filled with 2% 
per cent sodium citrate solution and the glass connector attached to the needle 
already in the vein. The saline solution in the glass tubing is slightly above the 
base line of the heart level. Blood is allowed to flow into the eannula and tubing 
and the maximum elevation of saline solution in the glass tubing is read as the 
venous pressure. 

The second method’ is similar to the first except that the system is filled 
with 214 per cent citrate solution and a three-way stopcock is used to connect 
the needle and the tubing. The citrate solution in the glass tubing is slightly 
above the expected venous pressure. The apparatus is then attached to the 
needle in the vein and the citrate solution allowed to run into the vein. When 
no further citrate solution runs into the vein the pressure of the column of 
citrate then equals the venous pressure. 


Both of these methods have been described before. Using these methods it 
is necessary to observe a few precautions to secure accurate results. The needle 
must be a size No. 21 or larger, otherwise there will not be a free flow of the 
solution and clotting in the needle may occur. The needle must be introduced 


into the vein with the minimum of trauma to the vein so that local spasm of the 
vein is largely avoided. Blood must flow into the needle freely. The venous 
pressure must be taken in both lower extremities at about the same time for 
purposes of comparison. 

There are many instances in which the determination of the venous pres- 
sure in the lower extremities will provide diagnostic or prognostic information. 
It is known that when the femoral vein is ligated in the hind leg of a dog the 
venous pressure in this extremity immediately rises.2 In this article it is shown 
that the venous pressure in the lower part of the leg of human beings will rise 
when the femoral vein of the lower leg is occluded. At what level it is necessary 
for the veins of the lower extremities to be occluded in order for the venous pres- 
sure at the foot to rise is not known, but it is known that when the superficial 
femoral vein is occluded by a clot of blood the venous pressure at the ankle and 
foot rises markedly. 

A large number of venous pressure determinations have been made. Cases 
1, 2, and 3 are cited as examples: 

CASE 1.—A right pelviolithotomy was done on March 19, 1945, for calculus disease. No 
evidence of phlebothrombosis in either leg was recognized until April 5, 1945, when the pa- 
tient developed signs and symptoms of a left femoral vein thrombosis. The following day 
the left superficial femoral vein was opened and a long clot removed. The clot was not ad- 
herent to the vein wall and was removed easily. Small clots were removed by suction prox- 
imally and the vein divided. The venous pressure just before the phlebotomy was 49 em. 
of water pressure. Immediately postoperatively the pressure in the left saphenous vein at the 
ankle was 60.5 em. The following day the pressure in the left foot was 47.5 em. and in the 
right foot 2 em. 

Therefore, there was a significant and diagnostic elevation of the venous pressure in 
the left saphenous vein at the ankle when a clot was proved to be present in the left femoral 
vein, 
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In thrombosis of the distal vena cava the venous pressure at each ankle will 
be high until a collateral circulation is developed which will adequately drain 
the blood from the extremities. Whenever there is a bilateral elevation of the 
venous pressure in the lower legs the pressure must also be taken in ths arms to 
rule out a general increase in the venous pressure, for example, in congestive 
heart failure. ‘ 

An important use of the estimation of the venous pressure occurs in the 
diagnosis of cases of edema of the lower extremities. If the venous pressure is 
normal in the lower legs after exercise, as described by Veal and Hussey,’ it is 
fair to assume that the major venous channels of the lower legs are patent and 
that the cause of the edema must be found elsewhere. 

Venous pressure determinations would appear to be valuable in following 
eases of venous thrombosis in the lower extremities during convalescence in 
order, first, to choose the optimal time for the patient to be ambulatory, and sec- 
ond, to regulate his activities. 


yl | 


Fig. 1 (Case 1).—Blood clot removed from left femoral vein. 





Fig. 2 (Case 2).—Blood clot removed from left femoral vein. 


CASE 2.—A left venous thrombosis occurred in the femoral vein fourteen days after a 
cholecystectomy had been performed. Operation was performed the same day. A long clot 
was removed from the distal femoral vein, small clots were removed by aspiration from 
the proximal vein, and the femoral vein was ligated and divided. Two days after the femoral 
vein operation the venous pressure at the left ankle was 2414 em. and at the right ankle 3.8 
em. One week later the pressure at the left ankle was 34144 em., two weeks later 25 cm., 
three weeks later 21 cm., and four weeks later 1914 em. At the time of the first venous pres- 
sure listed here, there was slight edema of the left lower leg. There was moderate edema at 
the time of the next venous pressure and the edema progressively decreased from that time 
forward. 


CASE 3.—A left femoral thrombophlebitis occurred ten months before admission, follow- 
ing a shrapnel wound of the left thigh and perineal region. Edema of the left leg persisted 
during these ten months with a progressive tendency for the edema to improve. Venous 
pressure at the left ankle was 21 cm., at the right ankle 2 cm. It was, therefore, concluded 
that the left venous system contained a significant amount of blockage. One month later the 
venous pressure at the left ankle was 14 cm. and there was little edema with increasing ac- 
tivity. This indicated an improving venous circulation in the extremity. 


COMMENT 


It has been shown that the venous pressure at the ankle is elevated when 
the femoral veii has been occluded by a blood clot. Whether or not the venous 
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pressure at the ankle is increased with a phlebothrombosis in the ealf group 
veins is not known. Likewise, whether or not the pressure is increased in cases 
in which the thrombosis is in the veins of the foot is not known. It may be as- 
sumed that with any appreciable amount of venous thrombosis in the lower leg, 
the pressure will be increased significantly. 

It is frequently a problem to know in which lower extremity the venous 
thrombus is present or whether the thrombus is present in both lower ex- 
tremities. It is suggested that venous pressure determinations are useful in 
determining this point and therefore are of assistance in choosing which femoral 
vein to expose at operation. 

It has been suggested‘ that venous pressure determinations on the operating 
table may be useful to determine the possible deleterious effect on the lower leg 
should the femoral vein be divided at a given level. In this instance the marked 
rise in venous pressure when the common femoral vein was temporarily occluded 
made it seem inadvisable to divide the femoral vein at this site. 

It is believed that venous pressure determinations are, by and large, more 
accurate than phlebograms to determine patency of the venous system. 

The normal venous pressure at the foot or ankle with the patient in the 
supine position and the table tilted so that the anterior surface of the foot is 
level with the auricles is from 2 to 9 em. of water. 


There is such free venous anastomosis of the veins about the foot and ankle 
that the pressure is equal in any of the veins of this region, so that any available 
vein may be used to determine the venous pressure. The venous pressure if 
any vein at the foot will, when taken under the conditions described, give the 
venous pressure in the veins of the extremity in the aggregate at this level. 


CONCLUSIONS 


1. Determination of the venous pressure in the ankles and foot under basal 
conditions is a valuable procedure from a surgical standpoint. 

2. When the femoral vein is acutely occluded by a clot the venous pressure 
at the ankle is elevated with the leg at rest. 

3. If the venous pressure is normal at the ankle or foot after exercise, it 
may be stated that no massive occlusion of the venous system is present. 


4. Further study of venous pressures is warranted to determine the useful- 
ness and limitations of the procedure. 
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SURGICAL CORRECTION FOR COARCTATION OF THE AORTA 


Roserr EK. Gross, M.D., Boston, Mass. 
(From the Departments of Surgery of the Children’s Hospital and the Harvard Medical School) 


OARCTATION of the aorta is an abnormality which carries a variable prog- 
nosis. In some individuals such a blockage of the arterial pathway is com- 
patible with a long and active life, but in others it leads to incapacitating ecompli- 
cations or to a shortened life expectancy. Aneurysmal dilatation of the aorta, 
rupture of the aorta, or superimposed Streptococcus viridans infection is ocea- 
sionally found. More commonly, the vascular obstruction produces an important 
hypertension (in the upper part of the body); with this may come various ill 
effects of the hypertensive state and possibly a fatality from cardiac failure or 
cerebral hemorrhage. While the general outlook for some of these patients is 
good, the prognosis for others is poor enough to justify attempts at surgical cor- 
rection of the malformation. 

At first, the desire to find a surgical cure for coarctation of the aorta seemed 
to have little chance of fulfillment. The technical difficulties in working on a 
vessel of this size were at once evident and, indeed, they appeared to be almost 
insuperable. In spite of such forebodings, it was decided to study the problem 
in the surgical laboratory and to define more clearly the handicaps which must 
be overcome. Beginning in 1938, attempts were made to practice the steps 
which would be necessary for removal of a segment of the thoracic aorta. Huf- 
nagel later joined in this work and after encountering various disappointments, 
it was found that the upper part of the descending aorta could be adequately 
mobilized, that a section of it could be excised, and that the remaining ends 
of the aorta could be anastomosed in a satisfactory way. These experimental 
observations are recorded elsewhere.2 Our researches on dogs indicated that 
the aorta could be completely transected and that a normal vascular pathway 
could be reconstructed. We became convinced that a similar procedure was 
fundamentally sound for the elimination of a coaretation of the aorta in human 
beings. 

In each of the two eases herin reported, a narrowed and obstructed part of 
the aorta was resected and the continuity of the vessel was then re-established. 
In the first patient, the anastomosis was satisfactorily completed, and the aortic 
clamps were quickly removed. This sudden opening up of a huge vascular 
bed produced immediate cardiac dilatation and death. In the second patient, 
the aortic clamps were removed very slowly over a period of ten minutes so that 
the cardiac and circulatory readjustments were brought about more gradually. 
With this precaution, there were no deleterious effects on the heart, and the 


procedure was well tolerated. 


CASE REPORTS 


CAsE 1.—P. 8S. was a 5-year-old boy whose primary complaint was frequent epistaxis 
since the first year of life. Examination showed a moderate hypertension in the arms and a 
deficient circulation in the legs. At operation, June 28, 1945, the aorta was found to be con- 
stricted just beyond the origin of the left subclavian artery, the lumen here being no more 
than 2 to 3 mm. in diameter. <A section of the aorta about 5 cm. long was mobilized and 
specially prepared clamps were applied above and below the coarctation. A segment of 
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vessel containing the anomalous area was then excised. The remaining ends of the aorta 
were united by a continuous mattress-type suture which included all layers of the aortic wall 
and which everted the edges of the aortic tissues. Upon removal of the aortic clamps there 
was satisfactory hemostasis at the line of anastomosis, but the quick release of blood into 
the great vascular bed of the lower part of the body imposed an enormous burden on the 
heart which dilated rapidly and ceased beating in a few moments in spite of all efforts to 
revive it. 


CASE 2.—J. G. W. was a 12-year-old girl who was referred for study in the Peter Bent 
Brigham Hospital from March 5 to March 14, 1945. 

The family history was irrelevant. The past history indicated that there had been some 
cystitis at 4 years of age and an attack of pyelitis at 9 years of age which was brought under 
control in about two weeks. A tonsillectomy had been performed at 8 years of age. <A 
mild bronchopneumonia at 11 years had been treated with sulfonamides. Aside from these 
illnesses, the child had been a rather robust, cheerful, and active individual. 

Illness at Time of Admission.—At 2 years of age, a heart murmur had been detected by 
the family physician. At 4 and 9 years of age, other physicians had again commented upon 
the presence of a heart murmur, but no description of it was available. From about 9 years 
of age until time of admission to the hospital, the patient had frequent frontal headaches, 
and had appeared more excitable and irritable than she had prior to that time. For some 
months there had been intermittent, mild epigastric distress for which the family physician 
had been consulted. The abdominal complaints were presumably related to constipation. On 
physical examination the blood pressure (in the arms) had been found to be elevated. 














Fig. 1.—Position of patient on table and placement of cutaneous wound. 


Hospital Couwrse—Among numerous other studies, it was found that no pulsation could 
be felt in the femoral, popliteal, or dorsalis pedis arteries. No blood pressure readings could 
be obtained in the legs. A hypertension was demonstrated in the arms. On most tests the 
systolic pressure varied between 188 and 198 mm. of mercury; the lowest figure was 160 and 
some observations ran as high as 220. On most determinations the diastolic rressure was 
between 110 and 120 mm. of mercury; the lowest figure was 98 and the highest was 152. 
The optic fundi showed marked tortuosity of the arteries and slight papilledema. All of these 
findings, combined with other extensive data, led to a diagnosis of coarctation of the aorta. 


On July 5, 1945, the patient was admitted to the Children’s Hospital. 


Examination.—Physical examination showed a well-developed, well-nourished girl, possess- 
ing normal intelligence, and without complaints at the moment. The pulse was 98. The blood 
pressure in the right arm was 190 mm. of mercury systolic and 95 diastolic; in the left 
arm it was 190 systolic and 100 diastolic. No sounds could be heard over the popliteal vessels, 
and no pulsation of the mercury column could be seen in the sphygmomanometer, when blood- 
pressure readings were sought in the legs. No pulsation could be felt in the abdominal 
aorta, femoral regions, popliteal arteries, or dorsalis pedis arteries. Over the entire pre- 
cordium a soft, systolic murmur of moderate intensity could be heard which was loudest over 
the aortic region. It was not accompanied by a thrill. Over the upper portion of the 
thorax posteriorly, a faint systolic murmur could be heard; this was loudest to the left of the 
spine, and was of less intensity than the murmur over the precordium. In the back, just 
medial to each scapula, pulsations could be felt in the subcutaneous tissues. In the base of 
the neck there were \'sible and heaving pulsations of the carotid arteries. In the supra- 
sternal notch was a forceful impulse presumably transmitted from the aortic arch. 
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Laboratory Data.—Urine examinations were negative. Hemoglobin was 91 per cent, 
red count 4.55 million cells per cubie millimeter; white count was 6,000 cells per cubic centi- 
meter, blood smear normal. Roentgenographic examination showed a total transverse cardiac 
dimension of 9.9 cm. and an internal transverse diameter of the thorax of 25.7 em. The heart 
did not appear to be enlarged and there was no detectable abnormality of the left ventricle. 
The aortic knob could not be clearly visualized. The lungs were normal. In the posterior 
portion of the chest there was a notching along the inferior borders of several ribs. 

Operation.—Operation was undertaken July 6, 1945. Cyclopropane with a tightly fitting 
face mask, without an intralaryngeal tube, proved to be quite satisfactory. A cannula was 
inserted into an ankle vein for administration of fluid and blood during and after the opera- 
tive procedure. The patient was placed on the table so that the left posterolateral portion 
of the chest was uppermost. A long, curved incision was made, beginning just to the left 
of the spine, starting at the level of the second rib and running downward and outward to 
reach the posterior axillary line at about the level of the inferior tip of the scapula. Beneath 
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Fig. 2.—General view of operative field. Pleural cavity entered through fourth inter- 
costal space. Aorta exposed by opening its overlying parietal pleura. For clarity, the vagus 
nerve has been omitted. C, Coarctation of aorta; L.A., Ligamentum arteriosum; L.S.A., Left 
subclavian artery. 


this incision the muscles were divided, including the trapezius, the rhomboid major, and the 
latissimus dorsi, so that the scapula could be pulled upward and outward to expose the costal 
cage. The left pleural cavity was entered in the fourth interspace. The third, fourth, fifth, 
and sixth ribs were transected at their angles. These initial stages of the operation entailed 
a considerable loss of blood because of the excessive vascularity of the chest wall. The large 
intercostal arteries were not difficult to control, but there was very troublesome bleeding from 
the external musculature which consumed a good deal of time in obtaining proper hemostasis. 

With the insertion of a self-retaining rib spreader, a satisfactory view of the posterior 
part of the mediastinum was obtained. The aorta was exposed by opening and dissecting free 
its overlying parietal pleura. The descending aorta, about 1.5 em. below the origin of the 
left subclavian artery, was markedly constricted, the external diameter being no more than 
3 or 4 mm. (Fig. 2). Palpation of this region gave the impression that it was a firm and 
completely fibrous cord, and that it contained little or no lumen. Immediately above the con- 
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stricted site the aorta was approximately 15 mm. in diameter, while beyond the coarctation 
it was 13 to 14 mm. in diameter. Above the constricted area, the aorta and the entire aortic 
arch had a marked and heaving pulsation which was transmitted prominently into a dilated 
left subclavian artery. Below the obstructed part of the aorta the vessel had no visible or 
palpable pulsation. The intercostal arteries coming into the aorta below the coarctation were 
distinctly larger than normal, most of them being 4 to 6 mm. in diameter. The up ermost 
vessels running into the aorta below the ccarctation appeared to be the fourth intercostal 
arteries. The distal part of the aortic arch was now freed from the posterior chest wall and 
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Fig. 3.--A, Section of aorta mobilized by freeing it from its bed and dividing regional 
intercostal arteries (J.A.), bronchial artery (B.A.), and ligamentum arteriosum (L.A.). Clamps 
applied to aorta. B, Segment of aorta excised. C, Aorta reconstructed by end-to-end anasto- 
mosis, with continuous, everting, mattress-type silk suture. 


vertebral column by careful dissection, particular care being taken to visualize and avoid 
injury to the vagus nerve, the left recurrent laryngeal nerve, and the thoracic duct, all of 
which were satisfactorily viewed. To free the aorta for a short distance below the region 
of coarctation, it was necessary to doubly ligate and divide the left and right fourth and 
fifth intercostal arteries. Furthermore, in order to free the aorta from the lung root, a 
bronchial artery was severed. The ligamentum arteriosum was then cut. All of this dissection 
was completed without much difficulty. 

The upper 3 or 4 centimeters of the descending aorta could now be pulled away from 
the vertebral column and could be drawn out from the depths of the wound so that the 
subsequent steps were more easily completed. Two especially prepared clamps were placed 
on the aorta, just above and below the constricted zone (Fig. 34). Application of these 
clamps produced absolutely no changes in the heart rate or activity. A segment of aorta, 
1 em. long, was then excised so that the narrowed portion was completly eliminated. (Inspec- 
tion of the interior of this specimen showed that there was a complete blockage of the lumen. 
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The wall was quite thick, firm, and fibrous.) The remaining ends of the aorta were now 
brought in apposition to each other by applying pressure in the appropriate direction to the 
two clamps which held the aorta. The upper and lower segments possessed a great deal 
of elasticity and the undivided attention of the first assistant was required to hold these 
clamps in proper alignment. Dr. Paul Ware had previously practiced these steps with me 
on dogs, and his assistance at this time greatly facilitated the anastomosis of the aortic ends 
which was accomplished rapidly, with accuracy, and without the slightest tension on the line 
of suture while the stitching was being undertaken. The type of repair was precisely that 
which previously has been found to be suitable in animal experiments and which has been 
fully reported elsewhere.2. The ends of the aorta were brought together by a continuous mat- 
tress suture which included the full thickness of the aortic wall and which everted the aortic 
wall so that intima came to intima, and the edges of the aortic ends protruded outward. This 
continuous stitch was begun posteriorly and was continued around on the front surface. For 
this suture, 00000 Deknatel silk was employed, carried on a No. X atraumatic curved needle 
(which has a diameter of 0.5 mm. and a length of 9 mm.). The anastomosis required twenty- 
three minutes. Manual pressure was relaxed from the clamps at this time so that the suture 
line took up the entire pull of the aortic elasticity. 

The lower clamp was then removed, and as blood flowed back from the lower segment 
up into the anastomosis, there was oozing of a few drops of blood at one point, which was 
readily controlled with the application of a pack for a few moments. Following this there 
was not the slightest bleeding from the suture line at any time. In three ways great 
care was exercised to insure that there would be no abrupt shift of the circulating blood which 
might embarrass the heart. First, the remaining aortic clamp was released very slowly 
over a period of ten minutes so that the lumen of the aorta was opened very gradually. This 
was done in order to avoid a great rush of blood into the lower part of the body. Second, 
the table was tilted to place the patient in mild Trendelenburg position, to diminish pooling 
of blood in the legs and lower part of the body, and to increase the return of venous blood 
to the heart. Third, donor blood was pumped rapidly into the ankle cannula in order to 
augment the blood in the venous system and to make available an adequate volume for the 
heart to circulate. These three measures combined to minimize the strain on the heart dur- 
ing the period of readjustment and the effects were completely satisfactory. During this time 


the heart rate increased slightly but at no time did the organ appear to be overtaxed. It 
was very gratifying to see that the distal aorta had a visible and palpable pulsation. 


The field was completely dry, and the cardiovascular system was well stabilized, hence 
closure of the wound was begun. The parietal pleura was brought together over the aorta 
with interrupted fine silk sutures. The thoracic wound was appropriately repaired. A 
catheter was placed in the left pleural cavity, and just before the suture of the skin was 
completed, suction was applied to this tube for the removal of all air from the left pleural 
cavity; the catheter was then withdrawn. The operating time was three hours, thirty-five 
minutes. 

Post-operative Course.—There were no important complications. There was a good deal 
of pain from the posterior chest wound which required frequent sedation for the first. week; 
continued but less intense medication was necessary during the second week. During each 
of the first four postoperative days, 120,000 units of penicillin were administered by the 
intramuscular route. No heparin or dicumarol was given at any time. Twelve days after 
operation the red blood count showed an anemia, for which three small transfusions were 
given. These raised the count to 4,250,000 cells per cubic millimeter. On the eighth day 
the child was allowed up in a chair and on the eleventh day was permitted to walk a little. 
She was discharged from the hospital on the nineteenth postoperative day in excellent general 
condition. There had been some postoperative accumulation of fluid within the left pleural 
cavity, but by the time of hospital discharge the breath sounds throughout the left lung 
field were of normal intensity and apparently most of the fluid had disappeared. The chest 
was not tapped at any time. The wound healed per primam. 


Great interest was centered around the circulatory and blood pressure changes during 
the postoperative period. The cardiac murmur has continued unchanged from its preoperative 
state, and I assume that it arises from some minor, intracardiac abnormality, the nature of 
which is not clear. It may possibly represent a bicuspid aortic valve. I had anticipated that 
the pressure in the arms would fall suddenly, and similarly that the pressure in the legs would 
rise quickly following the aortic anastomosis. However, this was not the case. The observa- 
tions make it evident that the readjustment occurred over a period of several days, and 
indeed continued for about two weeks. Presumably the vascular bed beyond the obstructed 
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portion of the aorta had been smaller than normal prior to operation and had required a period 
of time to undergo dilatation following removal of the aortic obstruction. In any event, the 
flow of blood into the legs did not increase rapidly and, indeed, required many days to reach 
a satisfactory level, concomitant with which the pressure in the arms became correspondingly 
lower. 

At the termination of operation, no femoral pulsation could be felt. Furthermore, no 
sounds could be heard in the legs when attempts were made to observe the blood pressure. 
Six hours after completion of operation, a very faint and barely detectable pulsation could be 
felt in the femoral arteries, but no blood pressure readings could be obtained in the legs. 
On the following morning femoral pulsations appeared to be a little stronger and in the 
right leg, faint sounds could be heard at 110 mm. of mercury, but the diastolic level was 
indeterminate. No sounds could be heard in the left leg. By the evening of the second post- 
operative day, there were rather good, but not normal, femoral pulsations and the blood 
pressure in both legs was clearly audible at a systolic level of 125 mm. of mercury and a 
diastolic level of approximately 90 mm. of mercury. On the eighth postoperative day, 
the femoral pulsations were a little stronger, no popliteal pulsation could be felt, but faint 
pulsations could be felt in both dorsalis pedis arteries. At this time the pressure in the right 
leg was heard at 118 mm. of mercury systolic and 100 diastolic. In the left leg the pressure 
was 122 mm. of mercury systolic and 104 diastolic. At the time of hospital discharge on the 
nineteenth postoperative day, there were fairly good femoral and dorsalis pedis pulsations on 
both sides. The pressure in the legs was recorded at 145 mm. of mercury systolic and 105 
diastolic. 

While the observations in the last paragraph indicated that there was an increase in 
circulation in the lower extremities during the postoperative period, there was a simultaneous 
diminution in the pressure readings in the arms. On the day after operation, the highest 
blood pressure recorded was 175 mm. of mercury systolic and 100 diastolic. During the 
following week a large number of observations showed systolic pressures ranging from a high 
of 170 to a low of 138. During the second postoperative week, there was a gradual decline in 
the readings which varied between 150 and 145 mm. of mercury systolic and 85 to 75 diastolic. 
At the time of hospital discharge, the blood pressure was recorded as 140 systolic and 80 
diastolic. 


SUMMARY 


Laboratory experiments on dogs have demonstrated the feasibility of remov- 
ing segments of the thoracic aorta and re-establishing the arterial channel by 
end-to-end suture of the vessel. The high degree of success attained with such 
a procedure on animals has prompted its use in human subjects for correction 
of obstruction of the aorta. 

In two patients with coarctation of the aorta, the narrowed portion has been 
excised and the aortic tube has been reconstructed by direct anastomosis of the 
remaining ends. In the first case, sudden removal of the aortic clamps opened 
a large vascular bed and produced eardiae dilatation and immediate death. In 
the second child, a slow release of the clamps and a gradual increase in the blood 
flow to the lower part of the body was well tolerated. In this individual there 
has been a very satisfactory postoperative rise of blood pressure in the lower 
extremities and a concomitant decrease of the hypertension which had previously 
existed in the arms and upper portion of the body. 
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ARTERIOVENOUS FISTULA: A SUTURE TECHNIQUE FOR 
PRODUCING A LATERAL ANASTOMOSIS 


AN EXPERIMENTAL STUDY 
RautpH A, DETERLING, JR., M.D.,* ROCHESTER, MINN. 


XPERIMENTAL vascular surgery by the suture method appears to have 

begun about 1773 when Asman' unsuccessfully attempted vascular suture 
in two animals after the development of the new clinical technique of Hallowell? 
in 1759 and Lambert*® in 1762. Infection, hemorrhage, and thrombosis dogged 
the footsteps of subsequent investigators. While there were isolated clinical 
cases of successful vascular repair, it was not until after the introduction of 
aseptic surgery that experimental work met with any success. In 1883 Gluck‘ 
did nineteen experiments, using the common iliae artery of dogs and the aorta 
of rabbits, but all of them terminated in hemorrhage. Four years later, von 
Horoch® began a series of six experiments on arterial suturing but in each ease 
the vessels thrombosed. 

It was in 1889 that Jessinewski® * demonstrated by twenty-six experiments 
terminated in from 1 to 100 days that arteries could be sutured successfully, 
provided certain precautions were heeded. He placed emphasis on the im- 
portance of keeping the suture from penetrating the intima. In the next year 
Burci® reported attempts to repair longitudinal wounds in the arteries of six 
animals, using femoral and carotid arteries of dogs and horses. His success 
in four cases confirmed the findings of Jessinewski. Subsequently he suggested 
the use of the continuous suture. In 1890 Muscatello® reported success in sutur- 
ing the aorta of a dog in which there had been transverse division of one-third 
of the wall of the vessel. Following the precepts of Jessinewski, suecess was 
reported by Heidenhain’® in 1895, Jaboulay and Briau'! ?* in 1896, Salomoni’® 
in 1900, and Napalkow'* in 1900. Murphy’’ in 1897 reported further suture 
experiments and reviewed two clinical cases. In 1897 and 1898 Silberberg,’® 
using Hagedorn intestinal needles and fine silk, had moderate success in sutur- 
ing the arteries of dogs. 

In 1899 Dorfler'’ contributed materially to the progress of vascular surgery 
when he demonstrated that, with rigid adherence to aseptic technique, suc- 
eessful through-and-through suturing of blood vessels was possible. In his 
dogs, the vessels remained patent, even in those killed after two months. Thus 
was dispelled the fear that thrombosis was an inevitable consequence of penetrat- 
ing the intima. Soon after this notable discovery came the outstanding work 
of Carrel,!® of Carrel and Morel,'® *° of Carrel and Guthrie,?! and of Guthrie,?? 
whose experiments at the turn of the century set the standards for a reliable 
technique for vascular surgery. There have been minor improvements and 
modifications by Clermont,?* Jensen,?* Dorranece,?> Bernheim,?* Williamson,?* 
Voss,?® Mann,” Markowitz,*° and Corwin*! among others. 

While thrombosis and subsequent healing in clinical cases of acquired ar- 
teriovenous aneurysm are rare,*? this is not true of experimentally produced 
fistulas. The literature abounds with references to either a high percentage 
of thromboses and healing or complete failure to maintain a patent fistula. 
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While Eck** in 1879 is generally regarded as the first to anastomose adjacent 
vessels with success, Gluck* in 1883 reported the first successful arteriovenous 
fistula in a dog. In 1898 San Martin y Satristegui** attempted to invaginate 
the artery into the vein in forty dogs but closure by thrombosis ensued in from 
a few hours to the longest period of eight days. He then tried two lateral 
anastomoses of the vessels of goats and again failed. Carrel and Morel!® ?° in 
1902 and Carrel and Guthrie?! in 1906 admitted varying degrees of success. In 
1907 Watts*® reported success in twenty-eight of thirty-one end-to-end arterio- 
venous anastomoses of the vessels of the neck but in only two of twelve of the 
femorals. The poor results in the latter, he felt, were due to easy accessibility 
and subsequent infection in the hind limb. In 1920 Reid*® reported healing in 
seven of twelve dogs with marked diminution in the size of two of the remain- 
ing fistulas. Reference was made several times by Holman and Kolls** in 1924 
and by Holman** in 1937 to closure of their experimental fistulas. In 1925 
Sénéeque*® reported complete failure to produce fistulas in ten dogs, for throm- 
bosis always obliterated the venous channel. In 1928 Herrmann and Gage*° 
likewise produced thrombosis within one or two days at the site of anastomosis. 
They made two or three attempts in the same animal for a caroticojugular 
fistula. One fistula remained open for forty days. In 1938 Corwin*! reported 
success With six out of ten end-to-end anastomoses of carotid artery to jugular 
vein, but the two lateral arteriovenous anastomoses broke down with hemorrhage 
in three and eight days. In 1940 McGuire, Hauenstein, Stevens, and Sharretts*! 
observed closure of one in a series of six dogs with femoral arteriovenous an- 
eurysm. Likewise, thrombosis has followed the practice of suturing the vessels 
over dilator plugs of caramelized dextrose, a procedure recently advocated by 
Smith*? but discarded by Carrel'® in 1902. This technical problem has been 
summed up by Brooks,** who stated: ‘‘In the experimental laboratory, a per- 
manent arteriovenous fistula is very difficult to produce. In animals, even 
comparatively large fistulae, established by careful blood vessel suture, in most 
instances close spontaneously. ’’ 

The great number of vascular casualties of World War II already under 
treatment should act as a stimulus, as in the last war, to experimental studies 
in a further effort to clarify many physiologic complexities which as yet remain 
unsolved. Since this is particularly true of arteriovenous fistula, I wish to pre- 
sent the technique of vascular suture used in the production of femoral arterio- 
venous fistulas from 1 to 4 em. in length in a consecutive series of fifty-two dogs, 
with periods of observation of from one week to one year, without a single case of 
closure. The majority of the animals were killed between seven and nine months 
after production of the fistula. 

TECHNIQUE 

Ideally, fairly large dogs should be used since the caliber of their vessels 
facilitates experimental suture methods. However, several of our dogs weighed 
only 7 kilograms. We found that ether administered by inhalation or pento- 
barbital sodium administered intravenously produced equally satisfactory an- 
esthesia. It is essential that the surgeon exercise the same sterile precautions 
as in the hospital operating room. 

If the skin flap is prepared so as to overlie the vessels at the time of closure, 
the chances of postoperative infection are lessened. After the skin field has been 
isolated by sterile gauze or linen, the vessels are exposed, cautiously avoiding 
small tributaries which are easily torn. A blunt curved aneurysm needle is 
helpful at this stage for separating the tough strands of the sheath. The most 
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satisfactory arteries in the dog are the femorals, common iliaes, carotids, and 
aorta. 

After the desired segment of artery and vein has been exposed, all ad- 
ventitial tissue is removed scrupulously, as this tenacious weblike tissue drawn 
into the lumen with the suture acts as a nidus for thrombus formation. Small 
vessels arising from the exposed length of the vessels selected for the fistula are 
ligated to avoid troublesome bleeding during the suturing. Drying is avoided 
by occasionally washing the field with warm saline solution or liquid petrolatum. 
This also facilitates removal of the adventitia. If the vessels are mobilized for 
several centimeters proximal to the anastomosis, the shearing or sawing stress on 
the suture line by the forceful arterial pulsation is lessened. 

Before the vessel walls are incised, one Carrel clamp is placed proximally 
and one distally to the site of anastomosis. The rubber or silk-shod blades should 
have moderate spring, as intimal damage from serrefines has led to thrombosis 
(Jaboulay and Briau). Iris scissors with straight blades seemed to give a 
cleaner cut than a keratome and avoided damage to the deep walls. The longi- 
tudinal incisions should lie in careful juxtaposition so that no torsion of the 


Fig. ae ee oe patie of deep margins of 
vessels occurs during suturing, for intimal damage can result from this mis- 
handling. One should not cut within 5 mm. of the clamps; if this precaution is 
not observed, adequate closure of the angles is difficult. With the lumina of the 
vessels exposed, sterile liquid petrolatum is instilled into both artery and vein 
before suture is begun to reduce adherence of platelets. Rough handling of 
the vessels should be avoided at all times. Very fine (000) twisted white silk, 
threaded on a single straight Carrel arterial needle (previously sterilized as a 
unit in liquid petrolatum), is used for the deep margins. Beginning at the 
cephalad end the angles are approximated and a knot is tied. Using a running 
through-and-through stitch, one takes bites to the depth of twice the diameter 
of the needle and 1 mm. apart. Care is taken to keep the suture coated with 
petrolatum and to pull the thread taut after each bite. The edges should be 
everted as well (Fig. la). Bull dog clamps are used to mark the ends of the 
silk at the completion of suturing the deep margins. By using a single suture 
without a stay tension suture for the dee; margins, twisting of the vessels, which 
occurs with the usual technique, is obviated. Here again, intimal damage is 
avoided. 
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Fig. 2.—Dissected specimen showing femoral arteriovenous anastomosis after one year. Note 
dilatation of proximal and distal portions of vein and also of vena cava. 


Fig. 3.—a, Small fresh thrombus at site of anastomosis after one week. 6b, Endothelialized 
fibrous tissue at site of anastomosis after nine months (Mallory-Heidenhain stain X40). 
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A second suture, threaded at both ends on arterial needles, is run through 
the approximated artery and vein midway along the superficial margins and a 
knot is tied. Using the free end of the suture for retraction and for maintaining 
dilating action, the surgeon can continue the closure to the cephalad end where a 
firm knot with the deep suture seals the angle (Fig. 1b). The remaining free 
end is then used to complete closure to the distal angle. By using this second 
suture one avoids the purse-string effect of.a single suture technique, thus re- 
ducing cicatricial contraction (Figs. 2 and 3). 

If care is taken to close the angles carefully there should be but momentary 
mild bleeding from the suture lines on removal of the distal clamp. If digital 
pressure for several minutes fails to halt bleeding, an additional interrupted 
suture may be taken. The proximal clamp is released last. Both the muscle 
layer and the subcutaneous tissues are approximated separately with continuous 
chromic catgut. We have closed the skin with continuous linen suture and ap- 
plied collodion gauze to the suture line of the skin. 


SUMMARY 


1. A brief review of experimental vascular surgery is presented and the 
difficulties in production of experimental arteriovenous fistulas are pointed out. 

2. A modification of the Carrel technique is outlined whereby (a) by allow- 
ing the skin flap to cover the deep layers and the anastomosis, chances of infee- 
tion are lessened; (b) dilatation is maintained by a tension suture but torsion 
of the vessels is avoided; (c) by use of two sutures, the contracting effect of a 
purse-string type of suture is eliminated; (d) by mobilizing a suitable length of 
the vessels proximal to the anastomosis, the sawing stress on the suture line is 
buffered. 


3. This technique was used successfully to produce arteriovenous fistulas, 


varying from 1 to 4 em. in length, in a series of fifty-two dogs weighing from 7 
to 18 kilograms without a single closure by healing, infection, or thrombosis. 
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SUCCESSFUL REMOVAL OF FOREIGN BODIES WITHIN 
THE PERICARDIUM 


A Report or Two CaseEs 


Mayor THomas DuvaL Wartts,* AND Magor Extam C. Toong,t 
MepicaL Corps, ARMY OF THE UNITED STATES 


NASMUCH as the thought concerning the proper management of foreign 

bodies within the pericardial sac remains indefinite and indecisive?“* we should 

like to report two cases in which the patients were treated by successful surgical 
removal, in addition to one case’ previously reported. 


CasE 1.—This soldier, aged 21 years, was first admitted to an evacuation hospital, Feb. 
29, 1944, within six hours after receiving a perforating wound of the left arm and a pene- 
trating wound of the left side of the chest by an enemy high explosive shell fragment. This 
injury resulted in a compound, incomplete fracture of the left humerus, a partial paralysis of the 
left median nerve, a left hemothorax, and a nonpenetrating wound of the left ventricle of the 
heart, producing a hemopericardium. The wound of the left arm was débrided, the left ven- 
tricular laceration was repaired, and the pericardium sutured, but the foreign body was not 
removed. The immediate postoperative course was uneventful and he was transferred to this 
hospital March 12, 1944, in good condition, twelve days after injury. 

Physical examination on this day showed a well-developed, somewhat emaciated white 
man, slightly dyspneic and with moderate neck vein distention. The temperature was 
100° F., pulse 100 per minute, respirations 24 per minute, and blood pressure 130/66. The 
chest showed slight limitation of expansion on the left side with impaired resonance and 
distant breath sounds in the left base. The heart tones were normal in volume and no murmurs 
were present. Examination of the abdomen was negative. There was a partial paralysis of 
the left median nerve and an incomplete fracture of the lower third of the left humerus. 

Laboratory studies revealed hemoglobin, 12 Gm.; red blood cells, 3,600,000; white blood 
cells, 10,000; polymorphonuclears, 73 per cent; lymphocytes, 26 per cent; monocytes, 1 per 
cent. Urine: Specific gravity, 1,022; chemical tests and microscopic studies were negative. 
The sedimentation rate was 55 mm. in one hour (Wintrobe), the venous pressure 185 mm. of 
water in the right antecubital vein, and the circulation time from the same area using 10 
per cent calcium gluconate was 12 seconds. 

Fluoroscopie study, March 13, 1944, showed good forceful pulsations of all borders of 
the heart with definite to-and-fro pulsation of the left border. The base of the heart ap- 
peared a little enlarged but did not change in contour when the patient shifted from the 
prone to the upright position. There was no evidence of cardiac tamponade at this time. 
The metallic foreign body was seen to lie just to the left of the midline and anterior to 
the heart. X-ray examination of the chest (Fig. 1) showed a density in the lower left 
lung field with a concave upper border, very suggestive of a small left pleural effusion. The 
cardiac shadow appeared enlarged wtih widening at the base, but a part of this apparent 
enlargement was due to the fact that this view was taken in the anteroposterior diameter at 
a short target distance. There was a metallic foreign body 2 by 1 em. lying just to the left 
of the midline, just beneath the lower border of the sternum, and about one inch above the 
left diaphragm. It was thought that the foreign body was anterior to the heart on these 
roentgenograms. 

Fluoroscopic study, March 25, 1944, showed normal pulsations of the heart and the 
foreign body moved synchronously with each heartbeat. A teleoroentgenogram and left 
lateral x-ray picture of the chest on the same day showed a reduction in the size of the 
cardiac shadow and the location of the foreign body. (Figs. 2 and 3.) 

An electrocardiogram made March 12, 1944 (Fig. 5 A), showed the T wave in Lead 4 
to be inverted and in Leads 1 and 2 low or isoelectric. Thereafter, frequently repeated 
tracings showed no essential change until March 17, 1944 (Fig. 5 B), when the T waves in 
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Leads 1 and 2 became inverted and the S-T segments in these leads rounded and upwardly 
convex. Subsequent tracings showed no further change until after the operation. 

As a result of these findings it was tentatively decided that the foreign body should 
be removed from the pericardial sac. In preparation for the operation the left side of the 
chest was aspirated on two occasions, 300 ¢.c. of bloody fluid being removed March 20, 1944, 
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Fig. 3. Fig. 4. 
Fig. 1 (Case 1).—Roentgenogram, March 13, 1944, shows enlargement of the cardiac 
shadow and a small left hemothorax. Foreign body not shown in this view. 


Figs. 2 and 3 (Case 1).—Roentgenograms, March 25, 1944, show the foreign body within 
the pericardium lying on the anterior surface of the right ventricle. Fluoroscopy disclosed 
movement of the fragment with each heartbeat. 


Fig. 4 (Case 1).—Roentgenogram, June 11, 1944, shows the return of the cardiac shadow 
to normal size and configuration. Foreign body removed April 7, 1944. 
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and 20 c.c. of serous fluid March 26, 1944. The patient was given one transfusion of 500 
c.c. of blood and general supportive treatment with iron, vitamins, and supplementive diet 
as far as facilities would allow. These measures resulted in weight increase, improvement in 
respiration, disappearance of neck vein distention, increase in the red blood cell count to 
4,400,000 and the hemoglobin to 13.5 Gm., a fall in the sedimentation rate to 9 mm. in one 
hour (Wintrobe), and a decrease in the venous pressure to 95 mm. of water, as measured in 
the right antecubital vein. Other studies made prior to operation showed a hematocrit of 
44.5 per cent and a serum protein of 6.5 Gm. Physical examination and special studies of the 
heart and vascular system remained essentially unchanged. 
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Fig. 5.—A, March 12, 1944. Rate: Auricular, 120 per minute; ventricular, 120 per min- 
ute. P-R interval, 0.14 second; rhythm, normal. QRS complexes: 0.08 per second; QRS 
3 low and inverted. T waves: T: low and diphasic; Tz low; Ts: isoelectric; Ts inverted. 

B, March 17, 1944. Rate: <Auricular, 90 per minute; ventricular, 90 per minute. P-R 
interval, 0.12 second; rhythm, normal. QRS complexes: 0.08 per second; QRS 3. upright, 
T waves: T1-2-4 inverted; T3 isoelectric. 

C, April 7, 1944 Rate: Auricular, 130 per minute; ventricular 130 per minute. Interpre- 
tation: Tracing taken at time foreign body was being removed from the pericardium. Dem- 
onstrates a sinus rhythm. 

D, May 8, 1944. Rate: Auricular, 110 per minute; ventricular, 110 per minute. P-R 
interval: 0.12 second; rhythm, normal. QRS complexes: .08 per second; normal. T waves: 
Ts low; T1-2-4 upright. 


April 7, 1944, under endotracheal nitrous oxide, oxygen and ether anesthesia, a left 
parasternal incision for an extrapleural approach was made extending along the left sternal 
margin from the second interspace to the sixth rib and along the upper border of the sixth 
rib to the nipple line. The skin-fascia-muscle flap was turned up to expose the third, fourth, 
and fifth costal cartilages and the anterior ends of the corresponding ribs. The fourth costal 
cartilage and the anterior 2 cm. of the corresponding rib were resected subperichondrally 
and subperiosteally. The posterior perichondrium and intercostal bundle were divided near 
the sternum and retracted, to expose the internal mammary vessels which were doubly ligated 
proximally and distally with No. 1 chromic catgut and resected between the ligatures. The 
communicating intercostal vessels were also ligated. The loose tissue anterior to the peri- 
cardium was incised near the sternal border and stripped laterally with the pleura. The 
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foreign body at this stage could be palpated at the sternal margin just below the lower 
border of the third costal cartilage. The pericardium over the fragment, which was lying 
on the upper anterior wall of the right ventricle was carefully incised, the metallic fragment 
grasped with forceps and gently removed. There was considerable fibrous tissue reaction about 
the fragment with adhesions between the pericardium and right ventricular wall in that 
vicinity. There was no bleeding and no pus was encountered. Sulfanilamide powder was 
sprinkled into the pericardial cavity. The pericardium was loosely closed with No. 0 chromic 
catgut sutures. The chest wall was closed in layers using No. 1 plain catgut to approximate 
the posterior perichondrium at its site of division at the sternal margin; No. 1 plain catgut 
interrupted sutures for the pectoral sheath; No. 00 catgut for the subcutaneous tissue, and 
black silk for the skin. 

The postoperative course was uneventful with the patient out of bed on the fourteenth 
day. An electrocardiogram taken May 8, 1944 (Fig. 5 D), showed upright T waves in Leads 
1-2 and 4 as compared to inverted T waves in these leads prior to operation. This tracing 
was otherwise normal and tracings taken at weekly intervals thereafter until the patient’s 
discharge were likewise normal. X-ray and fluoroscopic studies June 11, 1944 (Fig. 4), 
showed the transverse diameter of the heart to be 12 em., the transverse diameter of the 
thorax 29.5 em., and the cardiothoracic ratio 40 per cent. There was some straightening 
of the left border of the heart, but the cardiac shadow was not enlarged. June 14, 1944, 
examination showed the heart rate 82 per minute, the rhythm regular, the blood pressure 
122/76, and the tones of good quality. The thoracic wall at the operative site was well 
healed, firm, and showed no evidence of bony or cartilaginous defect. The wound of the 
left arm and humerus was completely healed and there was full restoration of function of the 
left median nerve. 

He was discharged to limited duty June 16, 1944, nine weeks after operation and three 


and one-half months after he was wounded. 


CASE 2.—This soldier, aged 21 years, was wounded 5:15 p.M., May 31, 1944, by an enemy 
machine pistol bullet, which entered the right anterior chest just below the middle third of 
the right clavicle. The patient was admitted promptly to a field hospital, dyspneic and 
cyanotic. Four hours after being injured, the right side of his chest was aspirated and 150 
e.c. of blood removed. Following this it was noted that he was resting more comfortably, 
although still complaining of slight pain in the right side of the chest. On the following 
day the wound was debrided and the chest again aspirated, 100 ¢.c. of blood being obtained. 
The patient’s condition improved sufficiently for him to be evacuated to the rear on the 
fourth dey after injury. 

On admission to this hospital, June 4, 1944, physical examination showed the patient 
to be in fair general condition with a clean debrided wound, 3 by 2 em. in size, on the right 
anterior chest wall in the first interspace below the middle third of the right clavicle. He 
was dyspneic, with respirations 48 per minute, and slightly cyanotic. The temperature eleva- 
tion was to 102.4° F., and the pulse rate 112 per minute, and the blood pressure in the right 
arm 114/72, in the left 120/82. The neck veins were slightly distended with the patient in 
the recumbent position. Bronchial breathing was present in both bases posteriorly below the 
angle of the scapulae. The heart tones were distant and the area of cardiac dullness was 
enlarged to the left. The liver edge was firm, nontender, and extended 6 cm. below the costal 
margin. No evidence of peripheral edema was detected. 

Laboratory studies revealed red blood cells, 3,500,000; hemoglobin, 13 Gm.; white blood 
cells, 7,000; polymorphonuclears, 58 per cent; lymphocytes, 40 per cent; eosinophiles, 2 per 
cent. Urine: Specific gravity 1.019; chemical tests and microscopic studies were negative. 

X-ray (Fig. 6) and fluoroscopic studies June 6, 1944, showed an enlarged cardiac 
silhouette, pulsating weakly, which was not altered by changing the patient’s position from 
the upright to the recumbent. A 1.7 by 1 cm. opaque foreign body was lying in close 
proximity to the left border of the heart shadow. There was a moderate collection of free 
fluid in the right pleural cavity. 

June 7, 1944, there was noted a definite narrowing of pulse pressure with a reading of 
110 systolic over 85 diastolic. The heart tones were more distant, the neck veins showed more 
distention, a pulsus paradoxus was present, and the liver edge was still found 6 cm. below the 
right costal margin. The venous pressure in the right antecubital vein was 210 mm. of water 
and the circulation time using 10 per cent calcium gluconate was 35 seconds from the same 
area. 
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Fig. 7. 


Fig. 6 (Case 2).—Roentgenogram, June 6, 
1944, shows an enlarged cardiac shadow and 
bullet. 

Fig. 7 (Case 2).—Roentgenogram, June 8, 
1944, shows reduction in the size of the cardiac 
shadow following pericardicentesis, and fluid in 
the right pleural cavity. Fluoroscopy disclosed 
synchronous motion of the bullet with each heart- 
beat and frequent change of position in the peri- 
cardial sac. 





Fig. 8 (Case 2).—Roentgenogram, June 16, 

1944, shows the bullet along the right border of 

the heart, and further decrease in the size of the 

cardiac shadow. There is complete clearing of 

: the right pleural cavity and lung following one 

\ gf : aspiration of 510 ¢.c. of bloody fluid, June 9, 1944. 


Fig. 8. 


In view of these findings, a diagnosis of cardiac tamponade was made, and, June 7 
1944, a pericardicentesis was done removing 705 ¢.c. of old bloody fluid. Following this pre- 
cedure the patient noted prompt improvement in his breathing, the cyanosis disappeared, 
and the pulse pressure widened with the blood pressure now reading 114/72. The next day 
a pericardial friction rub was noted which lasted for a period of three days. The patient 
continued to feel more comfortable, the dyspnea was much less marked, the neck vein dis- 
tention disappeared, the liver decreased in size, and the pulse pressure remained at a 
normal figure. June 8, 1944, fluoroscopic and x-ray studies (Fig. 7) showed a reduction in the 
size of the heart shadow with the presence of a more active pulsation. The opaque foreign 
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body was localized within the pericardial sac and shifted with the position of the patient. 
There was still the same collection of fluid in the right pleural cavity, and 510 ¢.c. of old 
bloody fluid were removed, June 9, 1944, by thoracentesis through the right eighth interspace 
in the posterior axillary line. The venous pressure June 12, 1944, had dropped to 85 mm. of 
water and the circulation time with 10 per cent calcium gluconate to 13 seconds, using the 
right antecubital vein for both studies. Thereafter, his clinical improvement was progressive 
with no further evidence of accumulation of fluid in either the pleural or pericardial cavities. 
The basal respiratory and circulatory functions remained stable with the respiratory rate at 
20 per minute, the pulse rate 80 to 90 per minute, and the blood pressure varying from 110 to 
120 systolic, and from 70 to 80 diastolic. The temperature returned to normal. Repeated 
x-ray and fluoroscopy examinations showed the foreign body always to move synchronously 


Fig. 10. 


the left ventricle. 


Aug. 2, 1944. 



















ee Figs. 9 and 10 (Case 2).—Roentgenograms, 
Aug. 1, 1944, show the final fixed resting position 
of the bullet along the posterior inferior portion of 


Fig. 11 (Case 2).—Roentgenogram, Sept. 13, 
1944, shows the return of the cardiac shadow to 
normal size and configuration. Bullet removed 
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with the heartbeat and to change position frequently within the pericardial sac, lying first in 
close proximity to the left ventricle (Fig. 6) then along the right border of the heart (Fig. 
8), and finally coming to rest in a fixed position along the posterior inferior portion of the 
left ventricle (Figs. 9 and 10). The heart shadow remained slightly wider than normal; the 
right pleural cavity was free of fluid. 

Frequently repeated electrocardiographic tracings made after admission to the hospital 
(Fig. 12) showed the following series of changes. The original tracing of June 7, 1944 
(Fig. 12 4) made prior to the pericardicentesis showed a low voltage of the QRS complexes 
(below 5 mm.) in the limb leads, low T waves in Leads 2 and 4, inverted T waves in Lead 3, 
and slightly elevated S-T segments in Leads 1, 2, and 4. Following the aspiration of the 
pericardial cavity, the QRS voltage in the limb leads increased in amplitude and the S-T 
segments became isoelectric (Fig. 12 B) but the tracings remained stable in other respects. 
On June 24, 1944 (Fig 12C), the T wave in Lead 1 was low and Lead 2 became inverted with 
the S-T segment, rounded and upwardly convex. After this change the tracings remained 
essentially stable (Fig. 12D) until July 24, 1944 (Fig. 12 #), when the T waves in Leads 
1, 2, and 4 became upright. 





Fig. 12 A-C.—A, June 7, 1944. Rate: Auricular, 120 per minute; ventricular, 120 per min- 
ute. P-R interval: 0.16 second; rhythm, normal. P waves: Isoelectric in Ls. QRS complexes: 
0:08 per second; low in ali limb leads (less than 5 minutes). Prominent and slurred Si. 
T waves: T2-4 are low; Ts; inverted; S-Ti-2-4 show a slight elevation of from 0.5 to 1.0 mm. in 
most complexes. 

B, June 19, 1944. Rate: Auricular, 90 per minute; ventricular, 90 per minute. P-R 
interval: 0.16 second; rhythm, normal. QRS complexes: 0.08 per second; Ri = 3 mm. 
Si: = 4 mm.; deep Se; voltage normal. T waves: Ti-2-4 low; Ts diphasic. 

C, June 24, 1944. Rate: Auricular, 90 per minute; ventricular, 90 per minute. P-R 
interval: 0.16 second; rhythm, normal. QRS complexes: 0.08 to 0.10 per second, prominent 
S:1 and S:; slurred S: and Rg; voltage normal. T waves: Low T:-1; late inversion of Tz with 
S-T2 rounded and upwardly convex; Ts; inverted. 


June 23, 1944, he was allowed up in a wheel chair and several days later, up and around 
the ward. As his activities were gradually extended, he became aware of a persistent dull 
aching pain extending from under the lower portion of the sternum out to the apical area, but 
not extending up into the shoulder region or down the left arm. This pain was accentuated 
by exertion and severe discomfort was experienced on walking up one flight of stairs. 
During the next five weeks he was observed as an ambulatory patient and allowed to walk 
freely about the ward and hospital area, but he continued to suffer substernal pain on mild 
exertion. The resting pulse rate remained rapid 90 to 100 per minute and increased to 120 per 
minute after he climbed one flight of stairs. 

In view of the annoying character of the substernal pain, persistent. tachycardia, poor 
exercise tolerance, and size of the foreign body, it was decided that surgical removal was 
indicated. 
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Under endotracheal nitrous oxide, oxygen and ether anesthesia, Aug. 2, 1944, a left 
parasternal incision for an extrapleural approach was made along the sternal margin from 
the second interspace to the sixth rib and then along the upper border of the sixth rib to the 
nipple line. The skin-fascia-muscle flap was turned up to expose the fourth and fifth costal 
sartilages and the anterior ends of the corresponding ribs. The fourth and fifth costal 
vartilages and 3 em. of the corresponding ribs were resected subperichondrally and _ sub- 
periosteally. The posterior perichondrium of each cartilage and the fourth intercostal bundle 
were divided near the sternum and retracted to the left expesing the internal mammary 
vessels, which were doubly ligated with No. 1 chromic catgut and divided. The loose preperi- 
‘ardial tissue was incised near the sternal border and carefully stripped to the left with the 
pleura. The pericardium was incised adequately, great care being taken not to injure the 
heart which was adherent anteriorly. There were extensive, soft, friable adhesions between 








Fig. 12 D-F.—D, July 6, 1944. Rate: Auricular, 100 per minute; ventricular, 100 per 
minute. P-R interval: 0.12-second; rhythm, normal. QRS complexes: 0.10 second; deep and 
slurred. Si; deep Se T waves: Te-s inverted; Ts low. 

: E,. July 23, 1944. Rate: Auricular 100 per minute; ventricular, 100 per minute. P-R 
interval: 0.14 second; rhythm, normal. QRS complexes: 0.10 second; diphasic QRS 1 
with slurred S81; prominent Sex T waves: Ts; inverted. Comment: Ti-2-4 are now upright, 
all S-T segments are isoelectric, and the QRS voltage is normal. 

F, Aug. 7, 1944. Rate: Auricular, 130 per minute; ventricular, 130 per minute. P-R 
interval: 0.12; rhythm sinus tachycardia. QRS complexes: 0.08 to 0.10 second; diphasic 
QRS 1 with slurred Si. T waves: Low T:-4; Ts inverted. Comment: Tracing taken on the 
fifth postoperative day. 


the epicardium and pericardium which were gently separated with the finger. The foreign 
body was located posterior to the left ventricle and was bound by very dense adhesions in 
this area, to the epicardium and pericardium, which were freed with great difficulty. The 
bullet--was then removed without injury to the ventricular wall or pericardium. The pericardial 
sac was flushed with warm normal saline solution, and 50,000 units of penicillin in 40 e.e. 
of isotonic saline solution were left in the pericardial sac, which was loosely approximated 
with interrupted No. 0 chromic catgut sutures, The chest wall was closed in layers, approxi- 
mating the divided posterior perichondrium with No. 0 chromic catgut, the pectoral sheath 
with interrupted No. 1 chromic catgut, the subcutaneous tissue with fine catgut, and black 
silk was used for closure of the skin. 

The patient’s postoperative course was satisfactory and uneventful without cardiac or 
pulmonary complications. On the fourteenth postoperative day he was allowed up in the 
wheel chair and on the sixteenth day up and about the ward. Two months after operation 
he still described slight precordial discomfort and slight dyspnea on walking up one flight of 
stairs but this was less severe than that which he experienced prior to operation. He was 
able to sleep comfortably flat in bed. 

Postoperative x-ray studies, Aug. 22, 1944, showed a slight prominence of the left 
auricular and left ventricular regions with good pulsation of all borders of the heart and the 
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foreign body previously noted in the lower portion of the cardiac shadow now absent. A 
teleroentgenogram (Fig. 11), Sept. 13, 1944, showed the transverse diameter of the heart to be 
14.1 cm., the transverse diameter of the thorax 34.1 em., and the cardiothoracic ratio 41 per 
cent. The heart shadow had changed in configuration since the examination, Aug. 22, 1944, 
in that the convexity of the left border was not as marked at this time and was tending to 
assume the same configuration as it had before operation. The pulsation of all borders of the 
heart was normal. 

Electrocardiographic tracings made after the operation showed initially a return to an 
abnormal configuration and, August 7, 1944 (Fig. 12 F), the T waves in Leads 1 and 4 were 
low or isoelectric. Four days later, Aug. 11, 1944 (Fig. 12@), both T 1 and T 2 became 
inverted with the S-T segments rounded and upwardly convex. In Leads 4 and 3 the T waves 
remained low and inverted respectively. One month later, Sept. 11, 1944, the electrocardio- 
graphic tracing showed a striking improvement (Fig. 12 H) with the T waves in Leads 1, 2, 
and 4 upright and of normal voltage. The QRS complex in Lead 1 showed an increase in 
the depth of the S and a decrease in the amplitude of the R waves. A final tracing made 
Sept. 19, 1944 (Fig. 12 7), showed no change and it was interpreted as being normal except for 
a tendency to 













a right axis deviation. 
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Fig. 12 G-I.—G, Aug. 11, 1944. Rate: Auricular, 110/120 per minute; ventricular, 110/120 
per minute. P-R interval: 0.14 second; rhythm, normal; QRS complexes: 0.08 to 0.10 second ; 
diphasic QRS 1; deep Sx T waves: Ti-2-s inverted; Ts low. : 

H, Sept. 11, 1944. Rate: Auricular, 80 per minute; ventricular, 80 per minute. P-R 
interval: 0.14 second; rhythm, normal. QRS complexes: 0.10 second; QRS 1 diphasic; Sse 
prominent. T waves: Ti-2-4 upright; Ts inverted; S-T 4 elevated 1.5 to 2.0 mm. 

I, Sept. 19, 1944. Rate: Auricular, 100 per minute; ventricular, 100 per minute. P-R 
interval: 0.14 second; rhythm, normal. QRS complexes: 0.08 to 0.10 second; QRS 1 
inverted; Se prominent. T waves: Ts: diphasic; T1-2-4 upright. 




















Examination, Sept. 20, 1944, one week prior to evacuation showed thé chest wall to be 
firm and without defect or weakness at the operative site. The heart tones were normal in 
quality and there was no evidence of cardiac enlargement. The resting pulse rate was 88 per 
minute, after exercise 116 per minute, and two minutes after exercise 92 per minute. The 
blood pressure was 120/65. There was no neck vein distention, the liver was not enlarged, 
and there was no ankle edema. 








COMMENT 






It is not our intention to recommend, from the experience with these two 
eases and the one previously reported by us,! that all foreign bodies of the 
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pericardium should be treated surgically, but it is our desire to call attention to 
certain aspects of a problem that at present lacks a positive plan of manage- 
ment. 

In viewing the available literature?* we are unable to find any clear or defi- 
nite opinion as to the treatment of patients in this type of case as a group. For 
the most part the question of surgical intervention lies with the clinica! appraisal 
of each individual case by both internist and surgeon. The patient’s symptoms, 
the objective evidence of pericardial or myocardial changes, and the possibility 
of future complications are to be balanced against the operative risk. Each of 
these points of evaluation are at present subject to wide variations in interpreta- 
tion, and clear, concise discussion of the symptoms, the signs, the pathology 
encountered, and the possible complications is lacking in most reports. 


Pain of a dull aching character occupying the low substernal and precordial 
areas, increased by exertion but without a tendency to radiate to the neck or 
down the arms was an outstanding complaint of the patient in Case 2 of this 
report and also in the one previously reported.t. In the latter this symptom 
existed over a period of five months after the injury without the patient being 
aware that the foreign body was present and was of such a severe and per- 
sistent character as to necessitate his being placed on light duty. Even in this 
capacity he reported his complaint frequently to his medical officer who re- 
ferred him again to the hospital. Following the surgical removal of the 
foreign body there was complete relief of pain. In Case 2 of this report the 
patient had distinct improvement of the pain after operation. In Case 1 the 
patient did not complain of precordial pain either before or after operation but 
his reaction to exertion could not be evaluated completely due to the fact that 
he remained in bed throughout the period of preoperative observation. 


Another symptom less definite in nature but existing, nevertheless, in each 
patient was the anxiety frequently seen and so often commented upon, resulting 
from the presence of an unremoved foreign body, which is especially marked 
when vital areas are involved. Each of these men expressed a desire to have 
the foreign body removed, offered no objection to surgical intervention even 
though made well aware of the serious nature of the operation, and were most 
gratified after its successful completion. 


The presence of extensive and dense fibrosis within the pericardium has 
been an outstanding finding in each case and probably is the underlying basis 
for the subjective complaints and the abnormal objective findings noted. As a 
result of this observation and especially as a result of our experience with one 
patient (Case 2), we feel that the optimum time for surgical removal is as soon 
as the circulatory function becomes stable and the patient’s general condition 
permits. In this case, during the early period of observation, the foreign body 
was shown to be freely movable and readily accessible within the pericardial 
sac. Later it became fixed by dense adhesions on the postero-inferior surface 
of the left ventricle, thereby increasing the technical difficulty and hazard of 
the operation. 

There were abnormal electrocardiographic findings in the case previously 
reported’ and in each of the cases of this report. In the former these were inter- 
preted as indicating myocardial damage because of the depth of the inversion of 
the T waves in Lead 4 and the failure of the patient to show improvement in 
the seven weeks of observation following operation. In Cases 1 and 2 of this 
report the electrocardiographic changes were thought to be due to pericardial 
damage. In both instances the electrocardiogram showed a return to a normal 
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configuration following the operation. In Case 2 there was an initial improve- 
ment in the electrocardiographie pattern prior to operation followed by a 
temporary return to an abnormal configuration immediately following the 
surgical removal, in the course of which many adhesions between the epicardium 
and pericardium were freed. 

In addition to the immediate consequences of a foreign body within the 
pericardium, subsequent developments of a serious nature may result. There 
is always the danger of infection arising at the location of any foreign body, 
particularly when organic material, such as clothing, may likely be present as 
is often the case with penetrating shell fragment and bullet wounds. The ad- 
jacent vital structures such as the heart chambers or the great vessels may be 
eroded or penetrated, with serious or disastrous results. 


SUMMARY 

1. Two eases of foreign bodies within the pericardium successfully removed 
are reported in addition to a previously reported ease. 

2. These cases are being reported because the present literature and avail- 
able information on the management of such cases is indefinite and indecisive 
and the problem deserves further study. 

3. Each patient showed extensive and dense adhesions between the epi- 
cardium and pericardium and around the foreign body which is thought to be 
responsible for the symptomatology and abnormal objective findings encountered. 

4. Surgical removal as socn as the patient’s condition warrants is advisable 
before the foreign body becomes encased in dense adhesions or fixed in an 
inaccessible area. 
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A ROUTINE FOR EARLY SKIN GRAFTING OF DEEP BURNS 


MaJor BENJAMIN W. Raw es, JR., MEDICAL Corps, 
ARMY OF THE UNITED STATES 


HIS paper presents the experience in the treatment of a group of 154 

patients with burns in an overseas U. S. Army General Hospital during a 
fourteen-month period in Italy. Forty-two, or 27.2 per cent, required grafting 
as compared with 54 per cent of a group of 78 burn injuries previously re- 
ported,’ the great difference being due to the position occupied by the hospital 
in the chain of evacuation during the two periods. In a number of instances 
the burns were associated, in addition, with nerve, bone, and soft part injuries, 
since 33 per cent of the patients had been wounded in action. We have been 
interested primarily in the late management of deep burns, since a majority 
of this group received the initial treatment in other medical installations and 
were transferred to this hospital from a few days to weeks after the injury. 
Control of infection is of paramount importanee at this time if prompt healing, 
with early and successful grafting when indicated, is to be accomplished. 

Infection, besides jeopardizing the life of the patient, complicates the suc- 
cessful treatment of burns in the following ways: (1) the healing of second 
degree burns is delayed; (2) deep second degree burns with sufficient viable 
epithelium for complete coverage may be converted into third degree burns; 
(3) in third degree burns deeper destruction of tissue occurs with increase in 
sear tissue formation; (4) grafting may have to be delayed unnecessarily and 
may even be unsuccessful with the formation of more sear tissue and con- 
tractures; and (5) even after the successful take of grafts, furuncles and 
pustular infection delays the healing of small uncovered ‘‘inbetween’’ areas 
and destroys portions of viable grafts days or weeks later. The problem, 
therefore, in burn therapy after shock has been overcome is to control infec- 
tion and obtain a closed wound as rapidly as possible either by the healing of 
undestroyed epithelium or by skin grafting. 

Penicillin has been used in the primary treatment of burns in this theater 
since June, 1944. It is given intramuscularly in doses of 25,000 units every 
three hours. Infection is controlled in the majority of cases, provided the pri- 
mary dressing is left undisturbed for from twelve to fourteen days. It is our 
impression that oral sulfadiazine is just as dependable as penicillin during this 
stage of the treatment. Any drug therapy is only an adjunct to good surgical 
management and much of the credit for the control of infection must be given 
to the simple surface treatment used by the U.S. Army. This was originally 
described by Allen and Koch? and briefly consists of (1) meticulous cleansing 
of the burned surface,* and (2) a resilient pressure dressing with fine mesh 
gauze impregnated with petrolatum or boric acid ointment next to the burned 
surface; this should not be changed for twelve to fourteen days. Care is taken 
to splint adjacent joints, and, in the case of extremities, to see that the pres- 
sure dressings begin at the toes or finger tips and extend well above the burned 
area. Elevation of temperature occurs when this routine is used, but only on 
rare occasions is it necessary to change the primary dressing any earlier than 

Received for publication, April 28, 1945. 

*Minimal débridement is used in the modified routine of the Army. 
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twelve to fourteen days for the purpose of inspection. All dressings are done 
with strict surgical technique under an anesthetic in the operating room if the 
burns are at all extensive. A majority of second degree burns are found healed 
when the primary dressing is removed, and there is only minimal contamina- 
tion or infection in the case of deep burns. All loose, dead skin and the tops 
of unbroken blisters are removed in unhealed second degree burns and a 
second petrolatum gauze dressing applied, leaving this undisturbed for another 
ten or fourteen days. Healing is complete in the majority of the remaining 
patients when this second dressing is removed, except when there are areas of 
full skin destruction present which had not been previously recognized. 


Fig. 1.—Case 5 (see Table I). Photograph taken twenty-four days after injury show- 
ing burns healed. Area of full-thickness burn measured 2,100 sq. cm. and had to be removed 
in three stages. Grafting was done in one stage five days after removal of last slough and 
twenty-five days after the burn was incurred. 


The recognition of full-thickness burned skin and its prompt removal is 
necessary if grafting is to be done early. The identification of nonviable skin 
by means of sodium fluoroscein*® and the excision of such areas followed by 
immediate grafting,’ either when the burn is first seen or at the time the first 
or second dressing is done, has been suggested. In principle, primary excision 
is ideal but practically there are several disadvantages. Fluoroscein has not 
been available through Army channels and so we have had no experience in 
the use of it. First, the difficulty of otherwise recognizing the area of complete 
skin destruction and, second, the extensiveness of the area to be excised in an 
acutely ill patient usually preclude such early removal. Slough has been 
partially excised at the time of the first dressing, but there are limitations to 
this. Even at this time it is difficult to tell the limits of full-thickness burns 
and it is felt that viable epithelium would be sacrificed if complete excision is 
always attempted in extensive burns. Many times the slough is dry and its 
removal is so difficult and time consuming that even with two operators work- 
ing, it must be done in stages. The practice is to excise all or as much demar- 
cated slough as possible at the time of the first change of dressing and there- 
after at three- or four-day intervals until all of it is removed. An illustrative 
example is Case 5 (Fig. 1) in our series, in which there was 2,100 sq. em. of 
full-thickness burned skin, the removal of which required four trips to the 
operating room at three-day intervals. 
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The poor condition of most of the patients in this series along with the 
length of time consumed in removing slough contraindicated immediate graft- 
ing but a routine was adopted which works satisfactorily. At one time normal 
saline solution or azocholoramid in saline wet dressings was used to hasten the 
separation of slough and for the final preparation of the granulating wound for 
grafting. Moisture often seemed to enhance the growth of Bacillus pyocyaneus, 
proteus, and other contaminants and also macerated the surrounding skin 
edges. It has been felt by Cope® and others that this macerated skin was a 
good culture medium for any bacteria present. The frequent changes neces- 
sary with a wet dressing also afford an excellent opportunity for the recon- 
tamination of the wound by a break in aseptic technique or by air-borne infec- 
tion. It was found that penicillin given parenterally did not control infection 
when this routine was used and grafting frequently had to be delayed. In 
June, 1944, at the suggestion of Lyons,® we began applying dry, fine mesh 
gauze pressure dressings after the last slough had been removed and continued 
or began intramuscular penicillin in doses of 25,000 units every three hours. 
The dressing is left undisturbed until the patient is taken to the operating 
room four to six days later for grafting. The additional time is used to bring 
the blood values to normal with transfusions of blood or plasma as indicated. 

The following advantages result from this routine. First, infection is con- 
trolled. Fifteen patients were treated in this fashion and in every instance 
grafting was done four to six days later. The maximum elapsed time between 
the injury and primary grafting was thirty-two days with an average of 25.5 
days for the group (Table I), while in a group of patients prepared with wet 
dressings the average elapsed time before grafting was 41 days (Table ITI). 
The remaining patients grafted reached our installation in from 30 to 60 days 
after incurring the burn injury and usually had been treated with saline solu- 
tion wet dressings. On admission all slough, when present, is removed, the 
skin edges cleaned with white soap and water, and a dry, fine mesh gauze 
dressing applied. Grafting was possible four to six days later in every in- 
stance regardless of the amount of contamination or infection present on 
admission (Table II). Second, grafting is more successful since infection is 
controlled and also because this routine makes earlier grafting possible. We 
do not have figures on our cases to demonstrate this but Hirshfield and others‘ 
reported a greater percentage of take of grafts when penicillin was used. 
Actual determination of the percentage of take of grafts in the case of burn 
wounds is difficult to appraise because many times grafts are placed over areas 
containing epithelium. The earlier grafting is done the more frequently does 
this occur but skin is an ideal dressing and the excess can easily be cut away 
at subsequent dressings. Third, the patient’s discomfort is greatly reduced 
by this simple routine. Patients have been frequently heard to say ‘‘I thought 
burns were painful but mine have not been.’’ Fourth, scar tissue and resulting 
contractures are diminished by early grafting. Fifth, the amount of dressings, 
drugs, and other supplies necessary for treating a burn are reduced, medical 

personnel are freed for other duties, and many days of hospitalization are saved. 

When this technique is used, the burn wounds are found covered with 
healthy granulations at the time of grafting, although four or five days pre- 
viously the dissection was carried down to subcutaneous tissue. These granu- 
lations are not disturbed. However, in the patients admitted late, it is often 
necessary to cut the exuberant granulation away. Split-skin grafts are always 
used, and are removed either with the Padgett dermatome or with a modifica- 
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tion of the Blair-Brown knife with a roller attachment. When the area to be 
covered is extensive, the latter method is preferred because the amount of 
skin necessary can be obtained in a much shorter period of time and it is felt 
that complete coverage is more desirable at this time than cosmetic appear- 
ance. Grafts are not sutured in place except in.the case of large dermatome 
sheets when this is important if stretch of the skin to the original size is to be 
obtained. It is our experience that grafts become firmly adherent within a few 
minutes after being placed, because the necessary substances for adherence are 
present in the wound itself. We have not used plasma and thrombin® but have 
tried 50 per cent gum acacia solution.® No difference was noted in the take of 
erafts with or without gum acacia, although pressure dressings were always 
applied. Plasma and thrombin and gum acacia may provide perfect contact 
between the graft and the wound so that pressure is not necessary but it is felt 





A. B. 

Fig. 2.—Case 14 (see Table I). A, Photograph taken in operating room before grafting 
twenty-six days after burn injury; B, photograph taken sixty-three days after injury, show- 
ing burns healed except for several small areas. 
that a pressure dressing is safer, more comfortable to the patient, and pro- 
motes healing by preventing the accumulation of fluids in the tissues. A 
petrolatum gauze pressure dressing with splinting of the adjacent joints is 
applied to both the donor and recipient areas, care always being taken to begin 
the pressure dressing at the toes or fingers. The dressing on the grafted area 
is removed on the fifth or sixth day after operation when all sutures, if used, 
are removed and nonviable and overlapping skin cut away. This greatly re- 
duces the chances of serious infection and better assures the continued via- 
bility of all skin that has taken. The dressing on the donor site is not changed 
until the gauze next to the wound becomes loose, which usually happens from 
fourteen to twenty-one days following the removal of the grafts. Most of the 
donor sites are healed at this time. 
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Furuncles and pustular infection in and about the grafted area can often 
be a problem. <A wet dressing spreads the infection, macerates the skin, and 
many times leads to pyocyaneus and proteus contamination. All of this delays 
the healing over of small ‘‘inbetween”’ areas or uncovered edges which are 
sometimes present when an extensive area must be grafted. In our experience 
penicillin given parenterally does not control such infection when petrolatum 
gauze or saline solution wet dressings are used. In fact, it is our clinical im- 
pression that oral sulfadiazine is more effective under these conditions. Re- 
cently penicillin dressings have been used on the grafted area after the initial 
change of dressing whenever there has been much infection present. Strips of 


Fig. 3.—Case 13 (see Table I). A, Photograph taken in operating room before grafting, 
twenty-five days after injury; B, photograph taken immediately after grafting; C, photograph 
taken sixty-six days after injury, showing burns healed. 
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fine mesh gauze are wet with a solution of 250 units of penicillin to each cubic 
centimeter of normal saline solution and placed over the grafted wound. This 
is sealed over with petrolatum gauze to prevent too rapid absorption of the 
solution by the overlying dry dressing, and is changed once daily until the 
infection is controlled. With this dressing, infection is greatly reduced and 
epithelium rapidly grows over small unhealed areas. Any large uncovered 
areas are grafted a few days following the primary grafting. We are not at 
all certain that it is the penicillin that has better controlled local infection with 
the type of dressing described. The penicillin solution is applied only once 
daily and at the next change of dressing the gauze is dry in spite of the 
petrolatum gauze covering. The penicillin, therefore, is effective for only a 
short period of each twenty-four hours and so actually a penicillin dressing is 
alternated with a dry, fine mesh gauze dressing which stimulates granulation 
and also probably epithelial growth. It is possible that a dry, fine gauze 
dressing alone or the substitution of normal saline solution or distilled water 
for the penicillin solution might be just as effective. The mechanical cleans- 
ing that results from the daily change in dressing may also be an important 
factor. This seems like a paradox since infrequent change of dressings dur- 
ing the acute stage of the burn and previous to grafting is stressed as being 
very necessary if infection is to be controlled. It is our experience, however, 
that, when dressings are not changed for three or four days, destruction of 
previously viable grafts results from the accumulation of pus, if pustules or 
furuncles are present in the grafted area. An attempt is now being made to 
determine which factor or combination of factors is responsible for the improve- 
ment. In Case 14 (Fig. 2) the difference was observed between fine mesh gauze 
soaked in penicillin solution and saline solution with both covered with petrola- 
tum gauze. Both lower extremities were burned and an area 550 sq. em. on one 
leg and 400 sq. em. on the other was grafted. Penicillin was used on both for 
three days and both were clean when saline solution was started on one leg and 
penicillin continued on the other. For four days no difference was noted but at 
the end of that time furuncles appeared in the area treated with the saline solu- 
tion dressing. These rapidly cleared up when penicillin dressings were resumed. 


SUMMARY 


1. The experience in the treatment of 154 patients with burns in an overseas 
Army General Hospital is described. 

2. Infection complicates the successful treatment of burns in a number of 
ways, so that its control is most important in order to obtain a closed wound 
as rapidly as possible either by the healing of undestroyed epithelium or by 
skin grafting. 

3. When wet dressings are used in the preparation of the granulating 
wound for grafting, there is usually an increase in infection which delays 
grafting. Penicillin is not effective under these circumstances. 

4, Penicillin is of value in controlling infection when dry, fine mesh gauze 
dressings are used, and as a result earlier grafting is possible. 

5. Furuncles and pustular infection after grafting were reduced by the 
use of penicillin dressings. 
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THE INTRAHILAR AND RELATED SEGMENTAL ANATOMY OF 
THE LUNG 


Epwarp A. BoypEN, PH.D., MINNEAPOLIS, MINN. 
(From the Institute of Anatomy, University of Minnesota) 


O WILLIAM EWART, physician and pathologist of the Victorian era, 

belongs the credit of first displaying in detail ‘‘the general arrangement of 
parts within the lung.’’ Reasoning that without such knowledge there could be 
no systematic development in the diagnosis and treatment of pulmonary diseases 
(especially ‘‘pulmonary eavities’’), he established in 1889 a nomenclature cover- 
ing even the moderate-sized branches of the bronchial and vascular pulmonary 
trees. That his system of nomenclature was somewhat ponderous and incon- 
sistent, that he sometimes carried rigid description beyond the limits of useful- 
ness, and that his sketches were not always decipherable does not minimize the 
fact that he anticipated by nearly one-half a century the needs of modern thoracic 
surgery and presented with extraordinary accuracy an enormous amount of ana- 
tomie detail. Indeed the work is the more remarkable in that the contemporary 
and subsequent search by anatomists for an ancestral pulmonary pattern, which 
might have been expected to yield an authentic nomenclature, foundered in 1920 
with Huntington’s conclusion that the primitive mammalian pattern was neither 
eparterial nor hyparterial but selective, that is, that the stem bronchus of 
mammals is plastic, having the potency to develop buds anywhere on its cireum- 
ference in response to the respiratory needs of the species and the location of the 
space available for expansion. On this basis the patterns in different species are 
not expected to be closely homologous (neither are right and left halves in the 
same species). Accordingly, the problem for the anatomist becomes that which 
was conceived by Ewart, namely, to describe the parts of the lung topographi- 
cally, in terms of the prevailing structure to be found in a given species. 

The distinctive feature of Ewart’s work was his recognition of the fact that 
‘‘the lung must be divided into yet smaller regions [than the lobes] in order to 
attain simplicity in description Thus, in addition to the apex and to the base, 
to the upper and to the lower axillary regions, we shall have to speak of the 


This article is an outgrowth of a surgical staff conference in which the author was asked 
by Dr. Owen H. Wangensteen to discuss the anatomy of segmental pneumonectomy. Search ot 
the literature having failed to yield any comprehensive figures of dissections of the external and 
interlobar surfaces of the lung, the author was obliged to make preliminary dissections. The 
present article is an attempt to remedy that defect in the literature. 
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‘pectoral,’ of the ‘cardiac,’ of the ‘mid-dorsal,’ of the ‘retrocardiac,’ and of 
other regions. . . . But in doing so we discover that the districts in question 
are practically identical with the respective territories of the several primary 
bronchi.’’ Thereupon he proceeded to describe nine ‘‘ bronchial distributions’’ 
or ‘‘primary bronchi.’’ 

Forty-three years later (1932) the bronchoscopists Kramer and Glass ar- 
rived at the same conclusion. In order to tell the position of an abscess in the 
lung they felt it necessary ‘‘to establish smaller and more accurate units of locali- 
zation than the lobe.’’ This unit they ealled the ‘‘ bronchopulmonary segment.’’ 
Apparently unaware of Ewart’s work, Glass identified eleven segments, the nine 
of Ewart’s with the pectoral and cardiae distributions further subdivided. In 
addition, Glass pictured for the first time the position of the segments on the 
surface of the lobes.* 

This article stimulated other bronchoscopists to present revised systems of 
nomenclature, but in 1938 a new direction was given to the movement by Chureh- 
ill who called attention to the bronchopulmonary segment as a unit of surgical 
importance in resections of the lung for bronchiectasis. Soon there followed 
a series of articles by Churchill, Blades, and others dealing with the surgical 
anatomy of the hilum, ineluding blood vessels as well as bronchi. Important 
as these studies are they have raised the question as to how a beginner, at least, 
could adequately identify structures in the hilumt unless he knew more about 
their peripheral distribution. In short, what is still needed is a series of dis- 
sections showing the arrangement of parts within the anterior, the interlobar, 
and the posterior surfaces of the lung, together with a terminology simple enough 
to be easily retained. The anatomist would also wish to inquire to what extent 
the segments may be considered bronchovaseular units. 

With this object in view I have made complete dissections and sketches of 
two pairs of lungs. The first set of seven drawings was preliminary; the second 
was made with a view to publication. In the latter series, the artist, Miss Jean 
Hirsch, first sketched the contours and surfaces of the lobes life sized; then I 
dissected the lobes and earefully sketched in an outline of dissected parts; the 
artist traced these drawings and with the specimen before her, rendered them 
in depth; last, all tissue was stripped from the bronchial tree and the latter 
accurately drawn by me (Fig. 1). It was to be expected, of course, that in eer- 
tain minor respects the anatomy of the specimen chosen for publication would 
turn out to be atypical, but this merely emphasizes the variations which we have 
come to learn are as important as the norm. Also, it should be pointed out that 
since these drawings were made with a view to the needs of anatomists and 
surgeons, the anterior margins of the upper and middle lobes have been retracted 
laterally. This distorts the in situ relations so essential to the roentgenologist. 
But it is maintained that even for the latter the preliminary experience acquired 
by dissection is requisite to an understanding of lung structure. 


GENERAL OBSERVATIONS 


I have selected the nomenclature of Jackson and Huber (1943) as the most 
satisfactory, for two reasons. First, believing that the largest segments into 
which each lobe divides are those of the greatest clinical importance, they have 


*This method of studying surface projections by injecting individual bronchi, and of 
correlating this information with that obtained from bronchograms and metal casts of the 
bronchial tree, has been most successfully carried out by the London surgeon Brock (1942 to 
1944), a primary objective being to ascertain where on the parietal wall an abscessed seg- 
ment will present itself for drainage. 

yIn most texts this word reads hilus, but Hyrtl pointed out in 1880 that the latter is 
“barbarisch,” 
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named only these (ten on the right side, eight on the left). Second, their nomen- 
elature is the simplest and most consistent. They alone seem to have held to a 
common basis for the choice of all names, namely, the position of the segment in 
the lobe. Their original paper should be consulted for the cogent reasons which 
determined their rejection of other terms and for an understanding of the great 
need for ‘‘a standard clinical terminology which will be acceptable to the 
bronehoscopist, the thoracic surgeon and the radiologist, and which will meet 
with the approval of the anatomist.”’ 

Regarding the pulmonary vessels, two elementary observations should be 
noted. First, the peripheral branches of each segmental bronchus are accom- 
panied by arterial rami which are firmly applied to the side of the bronchus 
(usually the posterolateral or superior surface). Therefore segmental arteries 
may be given and should be given the same names as the corresponding bronchi. 
Second, the main stem of each major vein usually parallels a segmental 
bronchus on its medial or inferior side. Accordingly, the same name may be 
retained for most of the veins, thus greatly simplifying the terminology. How- 
ever, the peripheral distribution of the veins is principally intersegmental, that 
is, the blood in a segment is returned through marginal veins (vessels which 
drain not only that but also all adjacent segments). 

Finally, a word should be said about the literature dealing with the pul- 
monary vessels. Thirty-four years after Ewart’s book appeared, a substantial 
restudy of the problem was attempted by the Russian surgeon, Melnikoff. (The 
latter knew of the existence of Ewart’s book but ‘‘it was not to be had in the 
St. Petersburg library.’’) His illustrations are a great improvement over those 
of Ewart (some of which are well-nigh unusable) but even Melnikoff’s figures 
are undecipherable in places, especially his dissections of the posterior surfaces 
of the lung. He held that the current Aeby-Narath system of numbering 
bronchi had fallen down because of the variation in the number of bronchi. 
Accordingly, he proposed naming the bronchi after the arteries and presented 
a series of topographical terms which were chiefly directional, for example, 
arteria ascendens, obliqua superior, transversa mediastinalis, profunda anterior, 
ete. , 

The most comprehensive work after Ewart was that by Herrnheiser and 
Kubat (1936), presumably the result of collaboration between a roentgenologist 
and an anatomist working in Grosser’s anatomical institute at Prag. In an 83- 
page article, containing excellent colored plates and numerous other figures, 
they have summarized the literature and given as synonyms, often inaccurate, 
the names used by Ewart and Melnikoff, Backman and Felix. Fundamentally 
the terminology is based on Ewart and Melnikoff but contains many changes. 
In spite of its exhaustive character this work suffers from three major defects. 
First, many of the dissections (especially those of the upper lobes) are made 
from unfamiliar angles. To understand them one would have to become thor- 
oughly familiar with the arrangement of parts in the more conventional ap- 
proach and then further dissect the specimen from the angle used by these men. 
Second, elimination of all bronchi has destroyed essential landmarks. Third, 
the terminology is unwieldy, although frequently better than that employed 
by Ewart. This is due in some measure to the fact that names of parts are not 
consistent, being based upon regions both outside and ‘nside the lung, for exam- 
ple, vena subpleuro-mediastinalis, ramus apico-medi*‘inalis, ramus costalis axil- 
laris, ramus costo-vertebralis, arteria axillo-basilaris sosterior, ramus axillo-hori- 
zontalis anterior, etc. This bewildering complexi'. ‘eaches a climax in Herrn- 
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heiser’s 1942 article dealing with the roentgenology of the pulmonary vessels. 
With this introduction, we wili now proceed to a description of the bronchial 
tree shown in Fig. 1. 
THE RIGHT BRONCHIAL TREE 


Fig. 1 is an anterior (ventral) view of the tracheobronchial tree of the 
specimen shown in Plates 1 to 7. To facilitate comparison the bronchi have been 
numbered in the same manner as in the plates. Each of the ten segmental 
bronchi in the right lobe is given an arabic number in the exponent position 
(namely, B! is the first segmental or apical bronchus). Its dichotomous branches 
are numbered a and b and the branches of these, in turn, are numbered in 
arabic. Thus, for example, the most anterior vertical branch of the apical 
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Fig. 1.—Anterior aspect of tracheobronchial tree of specimen shown in Plates 1 to 7. 
From cadaver of white man, aged 66 years (X%). S, superior lobar bronchus; M, middle 
lobar bronchus; Li., lingular division of left superior lobar bronchus; B', B?, etc., segmental 
bronchi (numbered the same as in Plates 1 to 7). On the left side, B? originates from the 
lingular instead of from the upper division, a common variant from the usual pattern (see 
Fig. 2). Note common origin of bronchial arteries from the arch of the aorta. The left 
(L.br.a.) passes anterior to the left bronchus; the right passes posterior, thence across the an- 
terior surface of the esophagus to reach the right bronchus. For further course, see Plate 7. 


bronchus may be designated B‘ai1 (the horizontal branch B‘a2). The correspond- 
ing artery would be A’a1, the vein, if parallel, V'a1. More distal bifurcations 
have not usually been designated, although Ewart carried the naming of 
branches far beyond this point. In lettering or numbering descending branches 
the outer branch of a bifureation has been lettered or numbered first ; in horizon- 
tal or ascending branches, the upper or inner ramus first. Finally, in naming 
rami, the terms ‘‘anterior,’’ ‘‘posterior,’’ ‘‘lateral,’’ ete. have been used to 
indicate the surface of a lobe to which the ramus distributes. Hence, in certain 
places, ‘‘lateral’’ is used as a synonym for ‘‘axillary’’ and ‘‘costal,’’ ‘‘anterior’’ 
for ‘‘pectoral,’’ ete. 

With one exception, the segmental bronchi have been numbered according 
to the plan adopted by Jackson and Huber. That exception is the posterior 
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bronchus of the upper lobe. It has been numbered B* instead of B? for the 
reason that neither it nor its artery is seen in an anterior dissection of the 
upper lobe. Furthermore, its blood supply, A’, Plate 5, is frequently unrelated 
to that of the other bronchi, whereas the arteries accompanying the apical and 
anterior bronchi have a common hilar stem, A‘, A*, Plate 4. From a practical 
standpoint, therefore, and considering the vessels as well as the bronchi, it is 
necessary to number these segments in the order in which they are exposed by 
dissection or encountered surgically. With this introduction let us consider the 
general characteristics of the right bronehial tree. 

The Bronchi of the Right Upper Lobe.—First, the upper lobe bronchus 
arises almost at the bifureation of the trachea (Fig. 1). Therefore, it would be 
much more difficult to amputate the whole right lung than the left and there 
would be more likelihood that a bronchial fistula would develop. 

The superior lobar bronchus, S (the eparterial bronchus of Aeby), is like- 
wise very short. It branches almost immediately into three stems, the apical, 
anterior, and posterior segmental bronchi. Ewart stated that B? (his ‘‘peetoral”’ 
distribution) is the first to branch oif and that B’ and B’ have a common stem 
(the ‘‘axillary-apieal’’ trunk), but this is variable. B? and B’ may arise from 
a common trunk, as in Fig. 1, or B! and B? (Brock, 1942); more commonly the 
three may form a trifureation. B’ and B?’ divide in such a way as to constitute 
a tier of four bronchial planes distributed through the thickness of the apical 
half of the lobe. The first two planes, B‘a, B'b, Plate 4, may be seen beneath 
the anterior surface ; the last two, B’a1, B’b1 and B’a2, B’b2, may be seen deep 
to the posterior surface of the upper lobe (Plate 5). In some specimens in 





SXPLANATION OF PLATES 
Plates 1 to 3.—Dissections of anterior, interlobar, and posterior surfaces of left lung of 
66-year-old white man (XW). 


Plates 4 to 7.—Dissections of anterior, upper and lower interlobar, and posterior surfaces 
of right lung of same subject (xX). 


Segmental Bronchi (Right Lung) Left Lung 

S, Superior lobar bronchus S, Superior lobar bronchus 
B}, Apical U, Upper division 
B?, Anterior B+, Apical-posterior 
B?, Posterior B?, Anterior 

M, Middle lobar bronchus Li, Lower (lingular) division 
B‘, Lateral Bt, Superior (lingular) 
BS, Medial B*, Inferior (lingular) 

I, Inferior lobar bronchus I, Inferior lobar bronchus 
B*, Superior B®, Superior 
B', Medial basal Biands, Anterior-medial basal 
B‘’, Anterior basal B®, Lateral basal 
B®, Lateral basal B®, Posterior basal 


B”, Posterior basal 
B*, Subsuperior segmental bronchus (inconstant in presence and position). 


Segmental Arteries Tributaries of Pulmonary Veins 
(Superior pulmonary veins) 
A}, Apical A!, Apical vV', Apical- ) 
Right anterior |Right V'+5, Apical- 
A?, Anterior upper A?, Anterior V2, Inferior fupper posterior 
A’, Posterior lobe A’, Posterior | Left V3, Posterior / lobe v2, Anterior Left 
upper V4, Superior upper 
A‘, Lateral ) At, Superior lobe Vv, Lateral } lingular lobe 
i _ Middle lingular r : _Middle V*, Inferior 
A5, Medial j lobe A5, Inferior Vv, Medial J lobe lingular 
lingular 
(Inferior pulmonary veins) 
A, Superior v8, Superior Right 
A‘, Medial basal | ae Vi, Medial basal and 
A’, Anterior basal }Lower vs, Anterior basal left 
A®, Lateral basal lobes v®, Lateral basal lower 
A”, Posterior basal V", Posterior basal/ lobes 


A*, Subsuperior segmental artery (inconstant in presence and positicn). 
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which the lobe is thinner and the branching more fan shaped there are only 
two or three tiers. 

The apical segmental bronchus, B', divides into an anterior ramus, a, and 
a posterior ramus, b (the anterior and posterior ascending apical trunks of 
Ewart). Of significance to the vascular system is the wide angle at which the 
anterior subramus B’a2 (the tracheal-apical trunk of Ewart) leaves the main 
stem, thereby giving to B’ the appearance of a tripod. As a result, the corre- 
sponding artery, A’, frequently breaks up into three rami. Regarding the com- 
mon anomalies, Brock (1944) described several specimens in which a super- 
numerary apical bronchus arises from the right bronchus or even from the 
trachea itself. This suggests the pattern found in eattle, pigs, and whales 
but differs from it in having only one instead of a cluster of branches which 
are tracheal in origin. Brock also described the varying number of apical rami 
which supply the lobe that is cut off anomalously by the azygos vein. 

The anterior segmental bronchus, B’ (the pectoral of Ewart), is of special 
clinical interest. In cases of bronchiectasis where there is little involvement of 
the rest of the upper lobe, this segment is now sometimes resected by itself 
(Blades, personal communication). The bronchus divides into a lateral ramus, 
a, a retreating branch which distributes to the region lying deep to the axilla, 
and an anterior ramus, b, which descends to the tip of the thin inferior portion 
of the upper lobe. (Ewart’s names for these are the mid-pectoral and sterno- 
pectoral bronchi.) Several bronchoscopists (and surgeons) have elevated B’a 
and B’b to the category of segmental bronchi (namely, Kramer and Glass, 
Churchill and Belsey, Neil and associates, Adams and Davenport). Perhaps 
this is because these rami occasionally branch directly from the upper lobe 


bronchus or, perhaps, because Kramer and Glass considered B*b to be one of 
the two most common sites of lung abscesses in the upper lobe; the other is 
B*’, (Brock, 1942, considered B*a and B* the more common sites.) In any 
event it seems sufficient to refer to them as the lateral and anterior rami of B’. 


The posterior segmental bronchus, B’, divides into a posterior ramus, a, and 
a lateral ramus, b, Plate 5 (the retro-axillary and axillary trunks of Ewart). 
Clinically, the posterior segmental bronchus is the most important segment in 
the right upper lobe (Brock, Hodgkiss, and Jones, 1942). Because of its pos- 
teriorly placed orifice, it is the first to become abscessed from particulate infected 
material inhaled or aspirated from the upper respiratory tract. Brock and his 
associates have demonstrated, experimentally, how quickly iodized oil passes 
into the posterior ramus of B* or lateral rami of B’ and B’, depending on 
whether the patient is lying on the back or right side. 

Incidentally, one is tempted to question Brock’s preference for Neil’s 
term ‘‘subapical.’’ If this name for the posterior segment is intended to 
indicate that the segment is inferior to the apical segment then it should be 
pointed out that it is no more subapical than the anterior (pectoral) segment. If 
it is intended to mean that it is beneath the apical segment when the patient 
is supine, then posterior or dorsal is much more accurate. In fact, the anterior 
and posterior position of the ‘‘pectoral’’ and ‘‘subapieal’’ segments are the 
ideas which it is most desirable to retain. . 

Similar objections may be raised to the use of the term ‘‘axillary’’ for 
the lateral branches of B’ and B*. They do, indeed, project into the axilla, 
so that one can understand the usefulness of this term to surgeons, but it is 
vitiated by the use of the same term to designate lateral branches of the inferior 
lobes which certainly do not project into the axilla. For these and other reasons 
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it would seem that Jackson and Huber chose most wisely in employing, first, 
only the terms apical, basal, and lingular, which describe universally recognized 
parts of the lung, and second, only the terms anterior and posterior (ventral 
and dorsal), superior and inferior (cranial and caudal), and medial and lateral, 
which indicate the position of segments within a lobe. In thus selecting the 
terminology of Jackson and Huber as the simplest and most logical yet proposed, 
I do not wish to detract from the work of Brock which, perhaps, constitutes the 
most comprehensive and elarifying study of the bronchial tree that has appeared 
since the time of Ewart. 

Incidentally, in discussing the surgical approach to the posterior segment, 
Brock (1942) has done a great service in demonstrating that the upper posterior 
level of the interlobar fissure is most commonly the fifth rib or interspace, that 
is, one or two segments lower than is given in most anatomic texts. Finally, 
he has presented most significant diagrams of the surfaces of the upper lobe, 
showing the variations in the extent of the three segments, that is, how the 
apical, the anterior, or the posterior segments may encroach upon each other’s 
territory. 

Between the upper and middle lobe bronchial orifices there is a stretch of 
the right bronchus (Ewart’s bronchus intermedius) which is grooved anteriorly 
and laterally by the superior interlobar portion of the right pulmonary artery 
(Plates 5 and 6). For reasons which will be stated later, this is the level at 
which resection of the right inferior lobe sometimes has to be made (Kent and 
Blades, 1942a). 

The Bronchi of the Middle Lobe——The middle lobar bronchus, M, Fig. 1 
(the cardiae of Ewart), usually arises slightly above the orifice of the superior 
bronchus of the lower lobe, B®. While appearing anteriorly to originate at the 
level of B*’, its higher origin, even in this view, is indicated by a erest which 
descends obliquely from the media! side of the right bronchus (Fig. 1).* Even 
so, the position of its orifice greatly complicates amputation of the lower lobe 
(Churchill, 1940). Conversely, septic material may drain into the middle lobar 
bronchus from an abscessed superior bronchus, especially if the patient is treated 
in a prone position (Brock, 1943). Furthermore, it may be strangulated by 
enlargement of the lymph nodes which surround it (Brock, 1943). 

Commonly it divides into lateral and medial segmental bronchi, B* and B’, 
Fig. 1. The lateral segmental bronchus, B‘, Plates 5 and 6, divides into a lateral 
ramus, a (the outer mammary-cardiae of Ewart), which supplies the lateral 
angle and lateral fourth of the middle lobe and a posterior ramus, b (the descend- 
ing mammary-cardiaec of Ewart), which supplies the middle portion of the 
lateral half of the lobe. The medial segmental bronchus, B’ (the inner cardiac of 
Ewart), supplies the medial half of this lobe and divides into an anterior ramus, 
a, Plate 5 (the sterno-cardiae of Ewart), and a posterior ramus, b (the inner 
posterior cardiae trunk of Ewart). From Ewart’s descriptions it would seem 
that in his specimens ramus B‘b had shifted medially to become a branch of 
B®, Credence is lent to this view by the fact that ramus B’b is accompanied 
by a branch of the medial segmental artery, A’x, Plate 6. Also, in Brock’s 
Fig. 48b, the median bronchus carries most of the branches. In another speci- 
men, however, rami corresponding in distribution to Béa, B+b, and B’*b of Plate 
6 are all branches of the lateral segmental bronchus and all are accompanied 
by rami of the lateral segmental artery. This tendency for ramus B‘b to shift 


*This is formed by the pressure of the right pulmonary artery. In the specimen shown 
in Fig. 1, the crest is occupied by a ramus of the bronchial artery. 
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in either direction may explain why three arteries of the middle lobe are said 
to be as common as two. 

Apparently, therefore, there is considerable variation in the branching 
of the middle lobar division so that final determination of the prevailing pattern 
must await further study. Such shifting of branches from one segment to an- 
other would seem to complicate any attempt to resect either the middle or lateral 
segment by itself. In a personal communication, Blades wrote from the Walter 
Reed Hospital in Washington that he has never tried this since ‘‘it has always 
seemed that this dissection would be very difficult and the amount of lung tissue 
saved when the middle lobe is involved would not justify the additional technical 
difficulties. ”’ 

The Bronchi of the Right Lower Lobe.—The first branch in the lower lobe 
is the superior segmental bronchus, B® (the posterior-horizontal distribution 
of Ewart, first hyparterial dorsal bronchus of Aeby, or apical bronchus of 
Kramer and Glass). This arises from the posterior or slightly posterolateral 
aspect of the right bronchus at the beginning of the lower lobe. As Ewart 
remarked, ‘‘This distribution presents well-marked individuality.’’ Frequently 
it is separated from the lower lobe by an incisure. Dévé (1900) noted that 
such a fissure was more common on the right side and in children. In 11 out 
of 180 right lungs the separation was complete and continued the plane of the 
secondary (horizontal) fissure. In 29 more there was an incomplete separation 
of the segment making a total of 22 per cent in which there was some degree 
of separation on the right side. Surg ally the segment ‘‘can practically always 
be identified and removed separately’’ \ Blades, personal communication). Like- 
wise, it is one of the three segments in which abscesses commonly occur (Kramer 
and Glass). 

Its mode of branching is variable, but I agree with Brock (1943) that there 
are three principal branches. Following Jackson and Huber’s method of nam- 
ing segmental bronchi, I have named them as follows: a superior ramus, a, 
Plates 6 and 7 (the superior of Brock or vertical ascending mid-dorsal of 
wart), a lateral ramus, b, Plates 6 and 7 (the axillary of Brock or deep mid- 
axillary posterior horizontal of Ewart), and a posterior ramus, c, Plate 7 (the 
paravertebral of Brock or vertical descending mid-dorsal of Ewart). Ewart, 
with his abhorrence of trifurcations, described rami a and c as having a rudi- 
mentary common trunk which he ealled the short superficial posterior trunk, 
but in Plate 7, b and c are the ones that have a common trunk. In fact, any 
two may originate together, but Brock’s convincing injections leave no doubt 
about this essentially tripartite arrangement. Of the three rami, the lateral 
and posterior are most favorably placed to receive inhaled material. Of special 
interest is ramus c which may extend downward as far as the tenth rib, 
posteriorly, instead of to the usual limits of the segment, the eighth intercostal 
space (Brock, 1943). He also pointed out that the trunk of the bronchus 
is in contact with lymph nodes and therefore subject to bronchostenosis. One 
such node is shown in Plate 6. 

Before passing to consideration of the basal bronchi it is necessary to men- 
tion an ineconstant but independent subsuperior segmental bronchus, so named 
by Jackson and Huber, which is given off posteriorly (or somewhat postero- 
laterally) from the bronchial stem of the lower lobe just before the final bifurea- 
tion into lateral and posterior basal segments, B*, Fig. 1 and Plate 7 (this is the 
lesser posterior horizontal distribution of Ewart and the second dorsal hypar- 
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terial bronchus of Aeby). Neil and co-authors (1939), as well as Brock (1943), 
gave this ‘‘subapical’’ branch the status of a segmental bronchus, since it 
is an independent trunk occupying the same relative position on the descending 
stem as the superior bronchus, except that it is 2 to 3 em. lower down. Brock 
was able to identify it in 88 of 170 satisfactory bronchograms. His injections 
indicate that this posterior segment is interpolated between superior and basal 
segments and may extend as far as the midaxillary line. In Plate 7, it divides 
into a lateral ramus, a, and a posterior ramus, b. Its importance is due to the 
fact that its position makes it vulnerable to postural inhalation of infected mate- 
rial and that an abscess in this segment may coexist with one in the superior seg- 
ment. Such an abscess usually presents in the paravertebral groove. 

Between the superior and the remaining segmental bronchi of the lower 
lobe there is an interval of 114 em. on the right bronchus (Fig. 1), which is the 
common stem of the four segmental bronchi which reach to the base or dia- 
phragmatie surface of the right lung. At this level Churchill and Belsey (1939) 
were able to remove all basal segments, leaving the superior bronchus attached 
to the remainder of the lung. 

The first to branch off is the medial basal segmental bronchus, B’, Fig. 1 
(the retro-cardiae distribution of Ewart or cardiac bronchus of Aeby and of 
Brock). This is the infracardiac bronchus of the embryo. In quadrupeds it 
forms an independent lobe; there it was noted by Galen and subsequently by 
the Talmudists who ealled it ‘‘the little rose lobule” (Levin and Boyden, 1940). 
It bifureates into an anterior ramus, a, Plate 6, and a posterior ramus, b, Plate 7 
(the anterior and the posterior retro-cardiac rami of Ewart). The former dis- 
tributes to the anteromedial, the latter to the posteromedial surfaces of the in- 
ferior lobe and its base. Its main stem is said by Brock to form a characteristic 
anteromedial curve. This is suggested in Plate 6 but is best seen in a lateral 
bronchogram. Below the point where the medial basal is given off the lower 
bronchial stem-continues for a short distance, then appears to divide, in an 
anterior-posterior order, into three additional basal bronchi. 

The anterior basal segmental bronchus, B* (the anterior-basic distribution 
of Ewart), divides into lateral and basal rami, a and b, Plate 6 (the lateral an- 
terior-basic and cardio-basic trunks of Ewart). Ramus b is the longer and 
reaches the extreme anterior base. The shorter, a, does not reach the base and 
thus appears to be a true lateral ramus supplying the costal as well as the 
anterior surface above the base. 

The lateral basal segmental bronchus, B® (the axillary-basic of Ewart and 
middle basal of Brock), is a replica of the anterior basal, lying more posteriorly 
and medially (Plate 6). It is the only segmental bronchus which is so overlaid 
by others that it cannot be well shown in either anterior or posterior dissections 
of the inferior lobe without removing intervening branches. It is barely visible 
in Plate 6. Like the other basal bronchi it divides into lateral and basal rami, 
a and b (the axillo-retro-mammary and the continued axillary-basic divisions of 
Ewart). 

The posterior basal segmental bronchus, B’? (the posterior-basic distribution 
of Ewart), forms the largest of the basal segments and is the apparent continua- 
tion of the stem bronchus. In Plate 7 it ean be seen bifureating into a lateral 
ramus, a, and posterior basal rami, 6b and c (the lateral dorsi-basie and dorsi- 
basic divisions of Ewart). From a practical standpoint the lateral ramus is 
the most important (Brock, 1943), because next to the superior (and sub- 
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superior) bronchus it is vulnerable to the development of an abscess. Ap- 
parently the lateral rami of the basal bronchi are inconstant. Occasionally a 
branch like B’’a may arise independently from the stem bronchus. 
















































THE LEFT BRONCHIAL TREE 


Huntington (1920) explained the bilateral asymmetry of the human lung 
by suggesting that in the human embryo rotation of the heart (and sixth aortic 
arches) swings the right pulmonary artery ventrally, while rotation of the 
stomach swings the vagus nerve dorsally, thus creating room for the development 
and expansion of an eparterial bronchus placed high up on the dorsolateral 
surface of the right lung bud. Conversely, the same rotations of organs have 
brought the ieft vagus and left pulmonary artery together, thus closing off the 
corresponding area for expansion of the left bronchus. Be that as it may, the 
left superior lobar bronchus forms much lower down on the left side and arises 
from the anterolateral instead of the posterolateral surface of the stem bronchus 
(Fig. 1). If, further, we accept Huntington’s conclusion that the lingular 
division of the left lobe corresponds to the middle lobar bronchus, M, and that 
the anterior segmental bronchi, B’, are comparable on the two sides, then the 
single apically directed trunk, B’*’, of the left superior lobar bronchus may be 
considered an abbreviated representative of the apical, B’, and posterior, B’, 
segmental bronchi. Certainly on the right side these two trunks may give rise 
to four tiers of rami, while on the left side there may be only two. Correspond- 
ingly, the volume of the right apex is greater than that of the left. 

The second region in which there is lessened expansion of the lung is in the 
medial basal portion of the inferior lobe. This is presumably due to the en- 
croachment of the heart (see Fig. 1, cardiac curve of Aeby). Accordingly, the 
medial basal segmental bronchus is represented by only a medial branch of the 
anterior basal. Jackson and Huber (1943) have named the common stem thus 
formed the anterior-medial basal segmental bronchus. As a consequence of this 
fusion and that of the apical and posterior rami in the upper lobe, only eight 
instead of ten segmental bronchi are recognized in the left lung (Jackson and 
Huber). Since, however, the corresponding arteries are not reduced, the bronchi 
have been numbered the same on the two sides. 

The Bronchi of the Left Upper Lobe-—The superior lobar bronchus divides 
soon after it leaves the left bronchus into ascending and descending trunks which 
Adams and Davenport (1942) have designated ‘‘upper’’ and ‘‘lower divisions’’ 
of the left upper bronchus, U and L, Fig. 2. The latter is also called the lingular 
division. The specimen shown in Fig. 1 differs from the usual pattern in that 
the anterior segmental bronchus, B’, fails to arise with the apical-posterior seg- 
mental bronchus, B’**, and has been displaced downward. But this is a common 
variation. Furthermore, it frequently happens elsewhere in the lung that a 
more or less intermediately placed ramus may shift up or down the fork or re- 
main in the middle to give the familiar tripod appearance, for example, the right ; 
posterior segmental bronchus, B’, the posterior branch of the right lateral seg- 
mental bronchus, B’b, Plate 6, and now B? of the left side. 

As pointed out by Ewart, the upper division bronchus does not normally 
continue the direction of the superior lobar bronchus outward, as on the right 
side, but rises abruptly upward, thereby diminishing the vertical distance which 
exists between their points of origin on the stem bronchi. This is especially true 
of the first branch, the apical-posterior segmental bronchus, B‘*? (the axillary- 
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apical trunk of Ewart). Soon after its origin it divides into apical, B’, and 
posterior, B’, limbs. Several authors give these the status of segmental bronchi. 
The bronchoseopist doubtless prefers to consider these as subsegmental rami 
beeause the endoseopie view of the orifice of the upper lobar bronchus usually 
shows only two subdivisions, each of which is again subdivided into two bronchi. 
Another reason is that sometimes, as in the specimen shown in Fig. 2, the apical- 
posterior bronchus divides into three instead of two branches, ramus a then 
representing the combined B’a and B’a of Fig. 1. 
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Fig. 2.—Dissection of anterior surface of left upper lobe from a _ second cadaver, 
a white man, aged 65 years (X0.6). This specimen differs from the one shown in the plates 
in five major respects: (1) The anterior segmental bronchus (3B?) arises with the apical- 
posterior (B1**) from the upper division (U) of the left superior lobar bronchus (this is the 
more usual origin) instead of from the lingular division (Li. Fig. 1). (2) There are two 
instead of three arteries supplying the upper division bronchi, due to the union of apical and 
posterior segmental vessels (A1**). (3) The anterior segmental artery (A?) arises from a 
truncus anterior instead of with the lingular trunk (Piate 2). (4) The superior lingular 
bronchus (B+) has no anterior ramus (see B*b. Plate 1). (5) The inferior lingual vein (V°) 
drains anomalously into the inferior pulmonary vein instead of into the superior pulmonary 
(see V5, Plate 1). 


The apical limb, B‘ (the ascending apical distribution of Ewart), supplies 
the inner and anterior portion of the apex and subjacent area (Plate 1). It 
divides into an apical ramus, a, and an anterior ramus, b (the posterior ascending 
apical and continued anterior ascending apical of Ewart). Ewart’s names 
would seem to imply that the two rami are comparable to the posterior and 
anterior parts of B’ on the right side, but it seems more reasonable to consider 
the left B’ as comparable only to the right B’a. In any ease, these bronchi are 
seldom the site of lung abscesses (Brock, 19438). 

The posterior limb, B* (the axillary distribution of Ewart; or subapical 
bronchus of Neil and Brock), supplies the posterior apical and lateral apical 
regions (Plate 2). Brock stated that it extended to the apex in only one of 
fifteen specimens, but presumably he referred to the very summit of the apex 
for his figures show a distribution to the descending lateral and posterior slopes 
of the apex. This posterior limb divides into a posterior ramus, B*a (the pos- 
terior axillary trunk of Ewart), and a lateral ramus, B’b (the continued axillary 
trunk of Ewart). B’b is smaller than on the right side and somewhat less vul- 
nerable to abscess formation (Brock, 1943), 
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The anterior segmental bronchus, B* (the pectoral distribution of Ewart), 
should be a branch of the upper division of the superior lobar bronchus. The 
effect of its having drifted down onto the lower division in this specimen is to 
curtail the expansion of the lingular distribution, Li., Plate 1. As noted on 
the right side, the segments of the upper lobe may encroach upon each other, 
producing quite varying patterns. Usually, the anterior segment is the largest 
in the uwoper lobe. It divides into a lateral ramus, Ba, Plate 2 (the outer 
pectoral trunk of Ewart or axillary pectoral of Brock), and an anterior ramus, 
B*b (the sterno-pectoral trunk of Ewart). The lateral ramus, aceording to 
Brock (1943), is clinically the most important branch in the left upper lobe 
since it is as frequently abscessed as the posterior segment of the right upper 
lobe. When abscessed, it presents in the interlobar fissure (see Plate 2). Some- 
times, in cases of bronchiectasis, the anterior segment is involved and is then 
removed with the lingular segments (Blades). 

The inferior or lingular division of the superior lobar bronchus subtends 
an area in the left upper lobe which is considered the equivalent of the middle 
lobe. It is frequently separated from the rest of the lobe by an ineisure. Its 
single trunk forks into superior and inferior segmental bronchi, the lower of 
which descends to the lingula, the ‘‘little tongue’’ or lobule at the anterior in- 
ferior angle of the upper lobe. Although Ewart applied the same terms to 
these bronchi as to those of the middle lobe, both Jackson and Huber (1943) and 
Brock (1948) have pointed out that the distribution is superior and inferior and 
not medial and lateral. I have ventured to add the adjective ‘‘lingular’’ in each 
case (namely, superior lingular, a contraction of ‘‘supecior segment of lingular 
division’’) so that no two segments on the same side of the lung shall have the 
same name. Removal oi this double segment (or just its inferior portion) has 
become an accepted procedure following the pioneer work of Churchill. The 
impelling reason for resecting it is the fact that in 80 per cent of cases with 
bronchiectasis of the left lower lobe the lingula is also involved (Churchill and 
Belsey, 1939). 

The superior lingular segmental bronchus, B+ (the anterior-cardiae trunk 
of Ewart), divides into a posterior ramus, a, Plate 2, and an anterior ramus, }, 
Plate 1 (the mammary-cardiae and sterno-cardiae divisions of Ewart). This is 
the third segmental trunk of the upper lobe to send rami to the lateral surface 
of the lung, the three being the posterior, anterior, and superior lingular bronchi. 
Sometimes, as in Fig. 2, only the posterior ramus is present. 

The inferior lingular segmental bronchus, B’ (the posterior-cardiae trunk 
of Ewart), bifureates into two parallel rami, a and b (the posterior and anterior 
eardiae lobular branches of Ewart). Curiously enough, the angle which they 
subtend in Fig. 2 is much greater than that in Plate 1. To what extent this may 
be explained by the absence of ramus B*b or the fact that the anterior segmental 
bronchus, B’, is a branch of the upper rather than the lower division necessarily 
awaits the study of more specimens. 

The Bronchi of the Left Lower Lobe.—The superior segmental bronchus, B* 
(the posterior-horizontal distribution of Ewart) emerges from the posterior (or 
posterolateral) surface of the left bronchus just below the level of the left 
superior lobar bronchus (Fig. 1). As on the right side, there is barely room 
enough for amputation of the lower lobe. Anteriorly, the superior bronchus 
is in contact with the inferior trunk of the left pulmonary artery (Plate 2) and 
medially with the left vagus nerve and aorta (Plate 3). Like the corresponding 








718 SURGERY 


bronchus on the right, it subdivides into three trunks: a superior ramus, a (the 
ascending mid-dorsal oblique of Ewart or superior of Brock), a lateral ramus, b 
(the deep posterior-horizontal trunk of Ewart or axillary ramus of Brock), and 
a posterior ramus, c (the descending mid-dorsal oblique of Ewart or para- 
vertebral ramus of Brock). Ewart correctly describes rami a and c as lying 
more posteriorly than b, but is not justified in considering them branches of a 
common trunk (the rudimentary superficial horizontal), since the mode of 
branching is not constant. (See discussion of right superior bronchus, B’.) 

The inconstant subsuperior segmental bronchus (*, Plate 3) will be con- 
sidered with the posterior basal bronchus of which it is a branch. 


The remaining bronchi of the left lower lobe belong to the basal segments. 
These differ from the corresponding bronchi of the right lung in two respects: 
first, in there being three instead of four segmental bronchi and second, in their 
mode of branching. Brock (1948) observed that in twenty-eight out of thirty 
specimens the branching on the left side was an apparent trifureation, whereas 
on the right such an arrangement occurred in only five cases. 

The first basal branch is the anterior-medial basal segmental bronchus, B’*® 
(the anterior-basic distribution of Ewart). It supplies the district which cor- 
responds to the combined medial and anterior segments of the right side. It 
divides into two principal branches, a medial basal ramus, 7, and an anterior 
basal ramus, 8 (the cardio-basic and mammary trunks of Ewart). In Fig. 1 the 
former has been somewhat shortened in order to show underlying branches. Its 
proper length is indicated in Plate 2, but while it has been numbered 7, for 
practical purposes (chiefly for the numbering of arteries) it is not given the 
name ‘‘medial basal segmental bronchus’’; for B’ of the left side is not to be con- 
sidered the equivalent of B’ of the right side. The latter is an independent 
bronchus which arises early from the stem bronchus of the embryo and acquires 
in most mammals the status of a lobar bronchus. The corresponding region 
in the left lung is relatively undeveloped and has been taken over by a branch 
of the anterior basal. Ewart specified a particular branch (see B’b, Plate 2), 
calling it the left retro-cardiac distribution. The anterior basal ramus, 8, gives 
off a true lateral branch, B’a, Plates 2 and 3, which distributes to the costal sur- 
face above the base of the lung. 

The lateral basal segmental bronchus, B® (the axillary-basiec distribution of 
Ewart) is larger and more posterior than on the right side and may be seen 
in a dissection of the posterior surface (Plate 3), whereas on the right side it 
could be glimpsed only from the anterior dissection (Plate 6). It divides into a 
smaller lateral ramus, a (the retro-mammary axillary trunk of Ewart), and a 
larger basal ramus b, which continues the direction of the cominon trunk (the 
continued axillary-basic of Ewart). 

The last segmental bronchus on the left side is the posterior basal, B’’ (the 
posterior-basic distribution of Ewart). The first branch to emerge from this 
trunk is the subsuperior (*, Fig. 1 and Plate 3), so named because it descends 
under cover of B*c. In this specimen it arises unusually low down and so has 
lost the status of a segmental bronchus. Apparently its distribution is more 
lateral than posterior. On the right side the corresponding branch, B*, arises 
from the common stem of B® and B’’. Two centimeters below the origin of the 
subsuperior, the posterior basal bronchus gives off a ramus, b, to the vertebral 
border of the lung (the inferior descending aortic of Ewart). The main stem, a, 
then continues to the base of the lung. There seems to be no lateral branch to 
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the costal region above the base, but as Brock has pointed out such ‘‘axillary’’ 
branches are inconstant. 

In concluding this brief description of the segmental bronchi and their 
first subdivisions, it is only fair to point out that while there have appeared 
numerous variations which either were not encountered by Ewart or were de- 
liberately omitted (perhaps in the belief that it were better to concentrate on 
the detailed description of a given specimen) nevertheless, his account was so 
precise that it is possible to recognize from his description the pattern which 
various specimens have in common. 


THE ARTERIES OF THE RIGHT UPPER LOBE 


As Herrnheiser has pointed out (1942), the form of the normal hilar shadow 
is determined chiefly by the vascular system, hence its importance to roentgenolo- 
gists. But the arteries are even more important to the surgeon who must ligate 
them individually. For this reason it is perhaps necessary to disagree with 
Herrnheiser’s statement that ‘‘the development of the vessels in the lungs, as 
elsewhere in the body, shows constancy in the essential points,’’ and that the 
extensive parallelism between right and left lungs makes it sufficient to ‘‘discuss 
only one lung, the right one.” In fact, the arteries are more variable than the 
bronchi and the veins than the arteries. 

The problem of inconstancy is encountered at once. The right upper lobe 
has three segmental arteries. The first branch of the right pulmonary artery is 
usually the common stem which supplies apical and anterior segments, A! and 
A’, Plate 4. The third artery lies deep to these and usually is visible only in the 
interlebar portion of the hilum (A’, Plate 5). On the left side, A’ and A? less 
frequently arise from a common stem (Fig. 2) and A* may even originate in the 
interlobar fissure as a branch of the stem which supplies the segments of the 
lingular division (Plate 2). Therefore, it seems inadvisable to accept the defini- 
tion that the ‘‘superior trunk constitutes the main artery of the upper lobe’’ 
(Herrnheiser, 1942, p. 597) but to restrict the use of this term to the occasions 
when all three arteries have a common trunk. The term ‘‘truncus anterior’’ 
is suggested for the common arrangement shown in Plate 4, in which A’ and A? 
emerge as a common stem on the anterior aspect of the hilum.* 

The apical segmental artery, A’, Plate 4 (the apical of Herrnheiser and 
Kubat and ascending axillary-apical of Ewart), arises, usually, with A* from 
the truncus anterior which lies between the corresponding vein and bronchus. 
In this specimen it distributes to the branches of the apical bronchus only, 
that is, to the first two tiers of bronchi, B’a1 + B'a2, and B’b; but if the posterior 
segmental artery, A’, is poorly developed then a third ramus (either not present 
in this specimen or representing an extension of one of these) may plunge deeply 
into the apical and subapical region and supply several subdivisions of the pos- 
terior bronchus, particularly B’a (Ewart). Herrnheiser and Kubat named the 
three stems in their specimens the mediastinal, costovertebral, and costal rami, 
yet their distribution corresponds neither to the rami described by Ewart nor 
to the three which have been lettered a, b, and c in Plate 4.+ This is due to two 


*Herrnheiser’s division of the right pulmonary artery into three trunks has not been 
followed for several reasons. The “truncus superior’ is not uniformly the common stem for 
the three primary arteries of the upper lobe. The “truncus intermedius” and the “truncus 
inferior’ are not trunks but successive parts of a continuous vessel. Furthermore, the line 
drawn between intermediate and lower trunks is so oblique that the two parts overlap. A much 
more natural Civision is into a pars (or truncus) anterior and a pars interlobaris, that seg- 
ment of the artery which is exposed at the two interlobar fissures (Figs. 3 and 4). 

+Thece authors seem not to have understood Ewart’s descrintion since thev save as 
synonyms for the three different arteries Ewart’s name for a common trunk and its two divi- 
sions. Furthermore, they gave the same names and distributions for the three arteries of the 
left apicoposterior segment, B1*3, as they gave for the right apical segment, B*. Obviously 
these are not comparable. 
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factors: (1) the tendency for a ramus to extend beyond its corresponding 
bronchus (for example, A’c supplies not only B’a2 but B‘a1b); and (2) the 
variation in the number of bronchial rami, as when the tiers of bronchi in the 
apical-posterior region vary from two to four. (See, also, discussion of posterior 
segmental artery.) In view of these extensive variations it seems futile, at pres- 
ent, to attempt to name the rami of the right apical artery. These facts also 
destroy the illusion that the apical and posterior segments can be considered to 
be bronchovascular units. They are bronchial distributions, only. 

The anterior segmental artery, A’, Plate 4 (the pectoral of Ewart and of 
Herrnheiser and Kubat), is described as having a variable origin, although the 
arrangement in Plate 4 is a common one. Frequently it arises separately from 
the right pulmonary artery, in the hilar portion of the secondary fissure. Apple- 
ton (1944) stated that as a rule a smaller part of the segment is supplied by an- 
other artery in the fissure. In Plate 4 it divides into two major branches—a 
lateral ramus, a (the mid-pectoral of Ewart or costo-pectoral of Herrnheiser 
and Kubat), and an anterior ramus, b (the sterno-pectoral of Ewart and of 
Herrnheiser and Kubat). The latter branch extends to the inferior angle of 
the upper lobe. 

The posterior segmental artery, A’, Plate 5 (the inferior axillary of Ewart 
or axillary of Herrnheiser and Kubat), is variable not only in size and distribu- 
tion but in its origin. It may arise as a deep portion of the truncus anterior 
or from the interlobar portion of the right pulmonary artery (Plate 5). Kent 
and Blades (1942b), referring to this as an ‘‘aecessory upper lobe artery,’’ 
stated that it is the commonest anomaly on the right side, that it sometimes 
oceurs below the origin of the artery to the superior segment of the lower lobe, 
and that ligation of it, when the lower lobe is being removed, is of no consequence. 
However, if it were an artery the size of A* (Plate 5) ligation of it would eliminate 
at least two-fifths of the arterial distribution to the upper lobe, for here it 
accompanies the third and fourth tiers of bronchi in this part of the lung, 
namely, all the branches of B*. Appleton stated that ‘‘as a rule’’ about one-half 
of the posterior segment is supplied by this ‘‘posterior ascending artery’’ and 
that sometimes it may form a common stem with the superior segmental artery, 
A®,. In the specimen figured here it divides into a posterior ramus (@) and a 
lateral ramus (b, Plate 5). 


THE ARTERIES OF THE MIDDLE LOBE 


Since lateral and medial segments are recognized in the middle lobe, cor- 
responding segmental arteries should be expected. These arise from the inter- 
lobar portion of the right pulmonary artery, either from a common trunk, thie 
artery of the middle lobe (the cardiac of Ewart), or separately, A* and A’, 
Plate 5. Appleton wrote that the latter is ‘‘generally’’ the arrangement, but 
according to Kent and Blades the latter type of origin occurs in only 25 per cent 
of cases.* Herrnheiser and Kubat said that the artery of the middle lobe divides 
as frequently into three as into two major rami. This is probably due to the 
tendency of ramus B*b (Plate 6) to oceupy an intermediate position between 
medial and lateral sides of the lobe. 

The medial segmental artery, A*® (the para-mediastinal ramus of Herrnheiser 
and Kubat), supplies the eardiae surface of the middle lobe, its medial angle 
(Plates 5 and 6), and the medial interlobar surfaces. It divides into anterior 


*These authors (1942b) referred to the lower artery, A‘, as an “accessory” middle lobe 
artery, but it should not be considered an “extra’’ one. 
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(a) and posterior rami (b, Plate 6). It also sends off a ramus x (the descending 
costal of Herrnheiser and Kubat) which accompanies ramus B‘b. The lateral 
segmental artery, A’ (the costal ramus of Herrnheiser and Kubat), is therefore 
defective in this specimen, its branch A‘b being replaced by A’x. Its ramus a 
(the axillary costal of Herrnheiser and Kubat) supplies the lateral angle and 
one-third of the middle lobe. 


THE VEINS OF THE UPPER AND MIDDLE LOBES 


The veins of the upper and middle lobes are the tributaries of the right 
superior pulmonary vein. In reading the accounts of various authors it is ap- 
parent that there is as much variation in their arrangement as in the names 
that have been applied to them. In order to keep the terminology consistent and 
simple it has been necessary to coin new terms. 

The first and most superficial tributary is named the apical-anterior vein 
of the upper lobe, V’, Plate 4; (this is the subpleuro-mediastinal vein of Herrn- 
heiser and Kubat). As the name suggests, it receives two main tributaries, one 
apical, a, and one anterior, b, which drain the corresponding segments; (these 
are the apico-mediastinal and sterno-mediastinal rami of Herrnheiser and Kubat). 
With the exception of one lateral branch, V‘b1, which runs between apical and 
anterior segments, the course of the vein is largely subpleural. 

The next to be encountered in an anterior approach is the inferior vein of 
the upper lobe, V?, Plates 4 and 5 (the pectoral of Herrnheiser and Kubat). It 
courses along the inferior margin of the upper lobe, the margin bordering the 
secondary or horizontal fissure. It may run along either the anterior or inter- 
lobar surface (Plate 5). It drains the inferior portion of the anterior segment. 

The third, the largest and most deeply placed branch of the upper lobe is 
the posterior vein of the upper lobe V’, Plates 4 and 5 (the combined apical and 
axillary veins of Herrnheiser and Kubat). According to Ewart, Herrnheiser 
and Kubat, Melnikoff, and in one of our specimens, this vein emerges from the 
upper lobe between B? and B’, but in the specimen shown in Plate 5 the main 
vein lies posterior to all arteries and bronchi. It receives three principal tribu- 
taries. Ramus a drains the posterior region of the apex and the territory of the 
third and fourth tiers of bronchi (that is, the branches of B*). Ramus 0 (the 
apico-central vein of Herrnheiser and Kubat) is centrally placed in the lobe 
between the apical and posterior bronchial distributions. Ramus c (the axillary 
vein of Herrnheiser and Kubat) emerges from between the posterior and 
anterior bronchial distributions, B’? and B’, Plate 5). 

The two veins of the middle lobe empty into the superior pulmonary vein 
either as one trunk or more commonly as two trunks (Plate 5). They emerge 
usually from between the anteriorly placed arteries and the posteriorly placed 
bronchi. However, in the specimen shown in Plate 5, the lateral vein of the 
middle lobe, V* (the costal vein of Herrnheiser and Kubat), crosses the medial 
artery, A’, anteriorly. In this position it lies deep to the inferior vein of the 
upper lobe, V?, Plate 4, a position which might cause it to be accidentally ligated 
on removal of the upper lobe. 

The medial vein of the middle lobe, V’, Plate 5 (the para-mediastinal of 
Herrnheiser and Kubat, is normal in position. Both veins lie medial to the cor- 
responding arteries and branch in such a way as to drain not only the territory 
of the corresponding bronchi but also contiguous areas of adjacent bronchi (see 
Va, Plate 5 and V*a, Plate 6). Of special interest is the small anomalous mar- 
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ginal vein indicated by an asterisk in Plate 5. This is the interlobar (accessory) 
ramus of Herrnheiser. It empties into the posterior vein of the upper lobe (see 
orifice on V*) and its occurrence is rendered possible by the incomplete separa- 
tion of the upper and middle lobes.* Kent and Blades also mentioned rare in- 
stanees in which a vein of the middle lobe drains directly into the left atrium 
to form a third pulmonary vein. 

On the interlobar surface no venous connections were found between middle 
and lower lobes, although Kent and Blades (1942a) found the fissure incomplete 
in 12.5 per cent of their specimen. 
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Figs. 3 and 4.—Sketches of the hilar portions of the secondary (horizontal) and inter- 
lobar (oblique) fissures before dissection (see Plates 5 and 6). In the _ secondary 
fissure (Fig. 3) all the branches of the right superior pulmonary vein are shown but 
Vi (the apical-anterior vein); V? and YV® are inferior and posterior veins of the upper lobe, 
V+ and V5, lateral and medial veins of the middle lobe. Four segmental arteries are visible, 
the posterior (A*) of the upper lobe, the lateral (A‘) and medial (A*5) of the middle lobe, 
and the first ramus of the superior artery (A*a) of the lower lobe. In the interlobar fissure 
(Fig. 4) elevation of the middle lobe has exposed the middle lobar bronchus and its two 
segments (Bt and B*), and two of the basal segmental bronchi (the medial basal, B’, and 
anterior basal, (B*) together with the artery to the first (A‘7). The other bronchi of the lower 
lobe (B*, B®,2.4 B%) arise within the substance of the lung, although B® is just visible in the 
hilum. 


THE ARTERIES OF THE RIGHT LOWER LOBE 


The first of the arteries of the right lower lobe are the superior segmental 
arteries, A°a and A‘%b, Plates 6 and 7. Ordinarily they arise as a single trunk 
(the apico-horizontal artery of Herrnheiser and Kubat) from the postero- 
1ateral aspect of the interlobar portion of the right pulmonary artery (Figs. 
3 and 4), at or slightly below the origin of the arteries to the middle lobe. This 
would be about the position of A®a in Plate 6. (Incidentally, A® may arise with 
A‘ from a common trunk.) In this specimen, however, A® is represented by 
two widely separated branches, a superior ramus, A®a, arising in the inter- 

*Kent and Blades (1942a), in dissecting 227 lungs immediately post mortem, observed 
that the secondary or transverse fissure of the lung was absent in 21 per cent (20 per cent, 
Hovelacque, and associates 1937; 10 per cent of 100 specimens, Brock, 1943) and incomplete 
in another 67 per cent of specimens (51 per cent, Hovelacque and associates; 53 per cent, 


Brock). Accordingly, in three- to four-fifths of the lungs there is opportunity for interlobar 
veins to develop. 
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lobar fissure and the combined lateral ‘and posterior rami, A%b and c, arising 
from the pulmonary artery in the substance of the lung, well below the inter- 
lobar fissure (Plate 6). Herrnheiser and Kubat showed a similar subdivision 
on the left side (their Fig. 33). It is obvious that such a wide separation of 
the arteries would somewhat hinder removal of the segment. Both the upper 
and lower arteries, A°a and A‘b (the apical and horizontal rami of Herrnheiser 
and Kubat, are faithful replicas of the corresponding rami of the single superior 
segmental bronchus, B°. Of special importance is ramus A%c, Plate 7 (the 
vertical descending mid-dorsal artery of Ewart or the superior retro-broncbial 
artery of Herrnheiser and Kubat). This sometimes extends downward in a 
paravertebral direction as far as the lower third of the lower lobe and so would 
have to be ligated in removing the basal segments. 

The only other artery of the lower lobe which takes origin in, the interlobar 
fissure (Fig. 4) is A’, the medial basal segmental artery (the anterior basal of 
Herrnheiser and Kubat).* It divides into anterior and posterior rami, A’a and 
b, which follow the corresponding bronchial distributions (Plates 6 and 7). 
Sometimes it arises with A*®, from a common trunk (Ewart). 

The remaining basal arteries arise from the inferior portion of the pul- 
monary artery, deep within the substance of the lung. The anterior basal seg- 
mental artery, A*® (the anterior axillary basal of Herrnheiser and Kubat), is 
well displayed in Plate 6. Its tripod appearance is due to the early subdivision 
of its lateral branch, a. The lateral basal segmental artery, A’ (the posterior 
axillary basal of Herrnheiser and Kubat), is shown dividing into its lateral 
ramus, a, and basal ramus, 0, in Plate 6. It is too deeply situated to be visible 
in Plate 7. The beginning of the posterior basal segmental artery A’? is barely 
visible in Plate 6. Frequently it has a common origin with A’. Before it 
divides into its principal lateral, a, and basal rami, b and c, Plate 7, it gives 
off a forked subsuperior stem, A*, with lateral and posterior branches which 
have the same relative position as the higher A%b. The lateral branch, A*a 
represents the posterior axillo-horizontal of Herrnheiser and Kubat (the lesser 
posterior-horizontal of Ewart). The posterior branch, A*b, represents the in- 
ferior retro-bronchial artery of Herrnheiser and Kubat. Both of these branches 
are as variable in presence and origin as the subsuperior bronchus. 

In summarizing the arteries of the inferior lobe it may be stated that they 
seem to follow the corresponding bronchi much more closely than those of the 
upper and middle lobe, as if the pattern in the lower lobe had become relatively 
fixed. 

THE VEINS OF THE RIGHT LOWER LOBE 


The veins of the right lower lobe are all tributaries of the right inferior 
pulmonary vein. The latter enters the right atrium not only inferior but 
posterior to the superior pulmonary vein (Plate 4). It is somewhat hidden by 
the inferior lobe and by the upward extension of the anterior layer of the pul- 
monary ligament. While usually operated upon from above, this vein and its 
branches are best displayed from the posterior surface. In the specimen shown 
in Plate 7, it has a somewhat atypical appearance, as of a bent tree, with most 
of the branches reaching outward from its convex side. In the majority of 
specimens, however, it resembles:a low shrub with branches radiating from the 
ground. It is also variable in its distribution. 


*Apparently Harrnheiser and Kubat have erred in considering this the anterior basic 
artery of Ewart. It would also seem that these authors have misinterpreted Ewart’s descrip- 
tion of other basal arteries, for nearly all their synonyms are incorrect. Perhaps this is due 
to the fact that the bronchi were omitted from their studies. 





724 SURGERY 


The first branch, the superior vein of the lower lobe, V° (the apico-horizontal 
of Herrnheiser and Kubat), consists of two rami, V°’a and V*%b, which in the 
specimen shown in Plate 7 enter the main stem separately. Usually they unite 
before crossing the stem bronchus posteriorly. The branches of V%a occupy 
the zone superior to and between the two rami of the superior segmental 
bronchus (Plates 6 and 7) ; those of V°b occupy the zone inferior to B*, between 
it and B* (Plate 7) and between B® and B* ™ * (Plate 6). Its position illus- 
trates well the intersegmental nature of the venous drainage. Doubtless if the 
superior segment were separated surgically, ramus V%b could be removed with 
the superior segment or be left attached to the basal segments. 

The medial basal vein, V’ (the retro-cardiae of Ewart or anterior basal of 
Herrnheiser and Kubat), arises anteriorly from the inferior margin of the in- 
ferior pulmonary vein (Plates 6 and 7). In general it courses medial to the 
bronchus of the same name and drains the region anterior to and between the 
rami of B’ (Plate 6). 

The anterior basal vein, V* (the anterior-basic of Ewart or anterior axillo- 
basal of Herrnheiser and Kubat), is a centrally placed vein the main trunk of 
which courses deep and inferior to B* (Plate 6) and anterior to B’*?° (Plate 7). 
Its three principal tributaries occupy the zones between B* and B’ (V%a and b, 
Plate 6), the zone between the branches of B®’ (V*%b) and the zone between B’ 
and B® (V%c). 

The lateral basal vein, V’ (the posterior axillo-basal of Herrnheiser and 
Kubat), is to be seen only in Plate 7. Its peripheral rami occupy the zone 
between the branches of B* and B’’ and between these bronchi and the lateral 
segmental bronchus, B’, which lies hidden beneath the structures shown in 
Plate 7. In some specimens it passes anterior instead of posterior to the basal 
division of the right bronchus, as it enters the inferior pulmonary vein. 


The posterior basal vein, V’’ (the posterior-basic of Ewart, or posterior 
basal of Herrnheiser and Kubat), is the terminal branch. It begins (rami a 
and b) between the lateral basal and posterior basal bronchi, then swings inferior 
and posterior to B’’ to enter the inferior pulmonary vein. It collects tributaries 
from the zone between B’ and B’? (ramus V’’c) and from the medial posterior 
basal region, Vd. 


THE ARTERIES OF THE LEFT UPPER LOBE 


In contrast to the right side (where the order of structures in both antero- 
posterior and inferosuperior directions is vein, artery, and bronchus) the order 
on the left side is vein, bronchus, and artery. As a consequence the five seg- 
mental arteries to the upper lobe are scattered along the arched superior and 
posterior (interlobar) surface of the pulmonary artery. Therefore, as Kent 
and Blades (1942a) have pointed out, the arrangement does not lend itself to 
mass ligation of the root of the upper lobe, since such a technique may jeopard- 
ize the blood supply of the lower lobe. Blades succeeded in doing it, however, 
by cleaning the upper lobe bronehus (after ligating the arteries) and then 
dividing it at about the point where the lingular division begins (personal 
communication ). 

The arteries to the upper lobe were said by Melnikoff to vary from three 
to six (oftener from three to four). Kent and Blades said from four to 
seven. Ewart and Felix each mentioned four. In the specimen which is shown 
in Plates 1 and 2 there are only three trunks (if the arteries of the anterior 
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segment and lingular division be counted as one) ; also in the specimen shown 
in Fig. 2, there are only three (the lingular trunk being counted as one). A 
partial explanation for the larger numbers quoted is that the segmental trunks 
are so short that frequently their rami arise separately from the pulmonary 
artery. 

The first branch of the left pulmonary artery is an apicoposterior trunk 
(the apical of Herrnheiser and Kubat, or ascendens of Melnikoff). It arises on 
the convex superior surface of the pulmonary artery and, according to Melnikoff, 
is most commonly a sessile trunk which divides immediately into apical, A’, 
and posterior, A’, segmental arteries (the mediastinal and costovertebral arteries 
of Melnikoff). Such is approximately the pattern shown in Plate 1. Herrn- 
heiser and Kubat gave a very different description. They described this sessile 
trunk as breaking up into three rami (costovertebral, mediastinal, and costal) 
and such is the condition shown in Fig. 2, namely, rami A‘**a, A‘**%b, and 
ramus A‘’*%c, (Ramus c is visible only from the interlobar side.) The two 
types can be reconciled when it is understood that artery A’*%a (Fig. 2) has an 
anterior and posterior ramus. Should the former unite with A’ and the latter 
with A’ instead of with each other, the pattern would resemble that of the 
specimen shown in Plates 1 and 2. 

The apical segmental artery, A’, Plate 1 (the anterior ascending apical to 
Ewart), arises on the anterosuperior surface of the pulmonary artery. It 
divides into an apical ramus, a, and an anterior ramus, b. These branches seem 
to correspond to the mediastinal and superior oblique rami of Melnikoff. The 
latter is considered by Herrnheiser and Kubat to be a misplaced branch of A? 


(which they named the ascending costo-pectoral ), but this seems improbable since 
the artery has the same position in Fig. 2 (A‘**%b), even although A? has a 
different origin than in Plate 1. 


The anterior segmental artery, A’, Plate 1 (the pectoral of Ewart), arises 
in this specimen in the interlobar fissure as a branch of the lingular trunk 
(Plate 2). Appleton said that an interlobar origin is common and pointed 
out that this artery then begins below the first artery of the inferior lobe, A‘%a, 
Plate 2. It divides into an anterior ramus, b, Plate 1 (the sterno-pectoral of 
Herrnheiser and Kubat, the transverse mediastinal of Melnikoff), and a lateral 
ramus, a, Plate 2 (the axillary of Herrnheiser and Kubat, the transverse inter- 
lobar of Melnikoff). In Fig. 2, a very different origin of A? may be noted. 
Here it is a branch of the truncus anterior of the left pulmonary artery, and 
it consists only of ramus b; that is, ramus @ and the corresponding bronchus, 
B’a are absent. 

The posterior segmental artery, A’, Plate 2 (the posterior ascending apical 
of Ewart or costovertebrai of Melnikoff), accompanies the branches of the 
posterior segmental bronchus which are outlined in Fig. 1. As seen in Plate 2, 
it originates in the interlobar fissure from the superior-posterior surface of the 
left pulmonary artery. It divides into a posterior ramus, a, and a lateral 
ramus b. 

Somewhat less variable than the arteries which have been described are the 
vessels which accompany the lingular division of the upper lobe bronchus. 
Usually the two segmental arteries arise from a common trunk (Plate 3), the 
truncus lingulae (of Backman or the cardiae of Ewart), but occasionally (as in 
Fig. 10 of Kent and Blades, 1942a) they arise separately from the pulmonary 
artery. Again they may originate with the anterior segmental artery, A’, from 
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a truncus communis (Plate 2). Such an arrangement would complicate re- 
moval of the lingula. Also, Kent and Blades have pointed out that the lingular 
trunk may arise below the level of the first artery to the lower lobe, A®. 

The superior lingular segmental artery (of Felix; the costal ramus of 
Herrnheiser and Kubat) usually divides into anterior, A*b, and posterior, A‘a 
rami. It is thus truly superior, but in Fig. 2 only the posterior ramus and 
bronchus are present, hence the name ‘‘dorsolateral’’ sometimes applied to this 
segment by recent authors. 

The inferior lingular segmental artery, A*, Plates 1 and 2 (the para- 
mediastinal ramus of Herrnheiser and Kubat), is of special interest since the 
segment it supplies is frequently removed separately (Churchill, 1940). In 
Fig. 2, it is better developed than in Plate 1. It divides into two major 
branches. 

THE VEINS OF THE LEFT UPPER LOBE 


As on the right side, the veins of the upper lobe are all branches of the 
superior pulmonary vein except for an occasional anomalous vessel (Fig. 2). 
They differ from the veins of the right lobe in that all of them empty into the 
superior pulmonary vein superficially. Therefore, the central and posterior 
portions of the lobe are not drained by a posterior vein but by deep branches of 
three anterior trunks. Ewart explained this on the ground that there is no 
intervening pulmonary artery between veins and bronchi, hence the veins can 
pass directly to their distribution. The three trunks are named after the 
corresponding bronchi, namely, the apical-posterior, anterior, and lingular. 
Corresponding numbers have been assigned to them, also, to avoid confusion. 
Ewart described two modes of branching, a less common type (Fig. 2) in which 
the last two trunks unite before entering the pulmonary vein, and the more 
common type (Plate 1) in which the first two are confluent. Herrnheiser and 
Kubat were of the opinion that the latter is the less common type. 

The highest branch is the apical-posterior, V‘+°, Plate 1 (the apical of 
Ewart and Herrnheiser and Kubat). As the name signifies, it divides into 
anterior rami, V‘a and b and posterior rami, V’a and b. The former (the 
mediastinal branches of Melnikoff) drain the anterior subpleural surface, the 
region between the branches of B! and the region between B! and B* (Plate 1) ; 
the latter branches (the costovertebrals of Melnikoff) drain the interlobar sur- 
face and the regions between the branches of the posterior bronchus (Plate 2), 
then course between the apical and posterior bronchi, next between the apical- 
posterior and anterior bronchi (Plates 1 and 2) to reach the anteriorly placed 
main trunk. 

The middle trunk is the anterior vein, V’, Plate 1, (the pectoral of Ewart). 
Like the apical-posterior, it divides into anterior and posterior branches. The 
latter, V*c, may be seen in Plate 2, oceupying the zone between the anterior 
and the superior lingular segments. 

The lowest of the three venous trunks is the lingular, V++*, Plate 1. It 
divides into superior lingular, V*, and inferior lingular, V*, veins (the superior 
and inferior cardiac veins of Ewart). The former carries a posterior branch, 
V‘a, Plates 1 and 2 (the costal of Herrnheiser and Kubat), which occupies the 
zone between superior and inferior lingular bronchi. In Fig. 2, V* is a branch 
of the inferior pulmonary vein. 

In contrast to the right side, therefore, the left upper lobe presents three 
trunks instead of the five (or four) to be found in the right upper and middle 
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lobes. This may be explained by the confluence of anterior and posterior rami, 
which is possible in a thinner lobe, and to the lesser development of the segments 
of the lingular division as compared to those of the middle lobe. 


THE ARTERIES OF THE LEFT INFERIOR LOBE 


The highest artery of the lower lobe is to be found in the interlobar or 
oblique fissure (Plate 2), an incisure which is incomplete in approximately 30 
per cent of specimens (Kent and Blades, 1942a). This is the left superior 
segmental artery, A‘, Plate 2. In this specimen it is anomalously double. 
Its rami, a and b, leave the pulmonary artery at some distance from each other. 
The origin of the upper ramus is higher than the origin of the lingular arteries, 
a circumstance which would complicate resection of the lower lobe. Also, in 
this specimen, the anterior segmental artery, A*, arises anomalously with the 
lingular artery from a truncus communis. The branches of A® follow faith- 
fully the corresponding bronchi. Branches a and b (the superior and lateral 
rami) are best displayed in Plate 2. Ramus c (drawn a little small) may be 
seen in Plate 3. As pointed out in the discussion of the bronchi, the posterior 
ramus, c (the superior retro-bronchial of Melnikoff), may overlap the basal 
segments in supplying the middle third of the vertebral portion of the lower 
lobe. 

The basal segmental arteries follow their respective bronchi. The medial 
basal, A’ (the anterior basal of Herrnheiser and Kubat),* crosses beneath B®, 
in the specimen shown in Plate 2, to reach the posterolateral side of B’. Usually 
is passes superficial to B* to reach the anterolateral side of its companion 
bronchus. 

The anterior basal segmental artery, A® (the anterior axillo-basal of Herrn- 
heiser and Kubat), pursues the usual course to reach the anterolateral side of 
Be, 

The remaining basal arteries are best seen in Plate 3. These are the lateral 
basal segmental artery, A® (the posterior axillo-basal of Herrnheiser and Kubat) 
and the posterior basal, A’? (the posterior-basic of Ewart and Herrnheiser and 
Kubat). The latter is anomalous in origin and position. Instead of branching 
lower down with A%, it is the first of the basal branches coming off from the 
left pulmonary just inferior to the superior bronchus, a circumstance which 
might comp! icaiu zesection of the superior segment. Furthermore, it runs on the 
posteromedizi instead of the posterolateral side of its bronchus. 


THE VEINS OF THE LEFT INFERIOR LOBE 


The five principal veins of the inferior lobe are all branches of the inferior 
pulmonary vein. The mode of branching ean be seen in Plate 2. 

The superior vein, V® (the apico-horizontalis of Herrnheiser and Kubat), 
descends almost vertically to empty into the superior border of the inferior 
pulmonary vein. Its two tributaries, a and b, Plate 3, are retrobronchial. 
The superior ramus, a (the apical of Herrnheiser and Kubat), drains the upper 
two-thirds of the superior segment; the lateral ramus, b (the horizontal of 
Herrnheiser and Kubat), the lower third. In another specimen a descending 
branch of V%b drains the zone between the posterior basal bronchus and the 
pleura, perhaps taking over the territory drained by V’a (Plate 3). 


*Herrnheiser and Kubat gave as a synonym the azillary basic artery of Ewart, but this 


is un <““estionably the anterior basic artery of Ewart. Similar confusion attends the naming of 
synonyms for most of the other basic arteries. 
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In aceordance with the union of medial basal and anterior basal segments 
on the left side, the corresponding veins arise close together (Plate 2), instead 
of being widely separated (Plate 6). The medial-basal vein, V’ (the anterior 
basal of Herrnheiser and Kubat), traverses the plane between the medial and 
lateral basal segments (Plates 2 and 3). The anterior basal, V* (the anterior 
axillo-basal of Herrnheiser and Kubat) traverses the plane between the anterior 
basal, B’, and lateral basal, B’, bronchi. In Plate 2, there is a medial marginal 
vein which has been interpreted as a braneh of V’ and labeled as ramus c. 

The remaining two veins, V’ and V’’, have a common stem (Plate 2) 
These are the lateral basal, V’ (the posterior axillo-basal of Herrnheiser and 
Kubat), and the posterior basal, V’’. The former traverses the plane between 
lateral and posterior basal segments (Plate 3), the latter the plane between 
medial and posterior basal zones. 


TOPOGRAPHICAL RELATIONS AT THE HILUM 


Anterior Surfaces.—On both roots of the lung the phrenic nerve (and asso- 
ciated pericardiophrenic arteries) must be avoided in ligating the superior pul- 
monary veins (Plates 1 and 4). This nerve lies just anterior to the root of the 
lung and deep to the mediastinal pleura between that layer and the pericardium. 
Churchill and Belsey (1939) especially cautioned avoidance of it in adhesions 
to the pericardium. (In Plates 1 and 4 no attempt has been made to show the 
mediastinal pleura. The phrenic nerves mark the position where it is reflected, 
from the pulmonary ligament and root of the lung, onto the mediastinum. ) 

Inferiorly, in following the pulmonary ligament up to the inferior pul- 
monary vein, and ligating the latter, the esophagus and its adnexa should be 
avoided. It will be recalled that the pulmonary ligament is reflected onto the 
mediastinum at the level of the esophagus and that it is usually attached to the 
esophageal fascia. In this tissue (Plate 3) may be found esophageal arteries 
(branches of the aorta or of the bronchial arteries) and the vagus nerves. In 
one case an anomalous bundle of longitudinal muscle was found running upward 
from the outer coat of the esophagus to the left stem bronchus (dagger, Plate 3). 
In Plate 7, a large right bronchial artery may be seen passing along the upper 
surface of the esophagus, just above the right inferior pulmonary vein. Its 
origin and proximal relations may be followed in Fig. 1. (In this specimen the 
entire system of bronchial arteries for both sides of the lung originated from a 
single vessel coming from the inferior surface of the aortic arch.) Kent and 
Blades (1942a) spoke of the bronchial arteries as being variable, too small to 
ligate, and of no surgical importance. However, their relations to the esophagus 
and its blood supply might warrant further investigation. 

Superiorly, on the left side (Plate 1), the upper lobe is in contact with the 
left superior intercostal vein, the one which sometimes participates in the forma- 
tion of a left superior vena cava (left common cardinal vein). There is also a 
relation to the left recurrent laryngeal nerve (Plate 3). Amputation of the 
left bronchus, with consequent traction on the pulmonary nerve plexus or liga- 
tion of the left pulmonary artery (Plate 1), might traumatize the recurrent 
nerves. 

On the right side, the superior vena cava and azygos vein, the right vagus 
and phrenic nerves are to be avoided (Plates 4 and 7). According to Brock 
(1940), the right pulmonary artery is covered by a peculiar triangular fascia 
the apex of which connects it with the superior vena cava (see Plate 4). In 





BOYDEN: INTRAHILAR AND RELATED SEGMENTAL ANATOMY OF LUNG 729 


order to expose the artery and to separate it from the vena cava this fascia 
must be cut. 

Finally, attention is called to the pulmonary lymph nodes which fill the 
crevices between the vascular and tracheobronchial tubes. In lymphadenitis 
these can strangulate the large bronchial divisions, particularly the middle lobe 
bronchus as mentioned earlier in the text. Nelson (1932) related these nodes 
to the four large bronchial divisions on each side which he called secondary 
bronchi, namely, two upper divisions (upper lobar bronchi), two ventral divi- 
sions (middle lobar and lingular), two dorsal divisions (superior segments of 
the lower lobe), and two lower divisions (lower lobe bronchi). While his elassi- 
fication of some twenty nodes was doubtless a simplification of patterns (see 
account of pulmonary nodes in Rouviére he performed a service in emphasizing 
these topographical relations. 

DISCUSSION 


Nelson’s conception of the lung as consisting of four major bronchial divi- 
sions on each side which may or may not be separated by fissures (to wit, the 
upper, middle [seu lingular], posterior, and basice—the terminology is ours) 
is an arresting conception and has much to recommend it. Churchill and 
Belsey’s contention that these are bronchovascular segments is doubtless true, 
although such ‘‘lobes’’ are frequently supplied not by one but by several vas- 
cular trunks. However, in any formal classification of orders of magnitude, I 
agree with Huber that it is more logical to consider the customarily accepted 
lobes of the right and left lung as the largest segments, Adams and Davenport’s 
upper and lower divisions of the left upper lobe as the next largest, the broneho- 
pulmonary segments (‘‘distributions’’ of Ewart) next, and so on down to the 
smallest units, which would be Miller’s lung lobule. 

Of these categories, the bronchopulmonary segment has claimed most at- 
tention in recent years, originally because it was recognized to be the seat of 
lung abscess (Ewart, Kramer and Glass) and more recently because of the 
success in resecting segments in bronchiectasis. Because in a practical way 
some segments have proved to be ‘‘surgical units,’’ a tendeney has arisen to 
conceive of them morphologically as bronchovaseular units. Thus, they have 
been defined as subdivisions that are ‘‘surrounded by planes of avascular tissue, 
unerossed by bronchi or blood vessels beyond the hilus’’ (Adams and Daven- 
port, 1942). In the light of the present anatomic study this seems questionable. 
Certainly in many specimens the arteries of the right apical bronchus cross the 
plane separating the apical from the posterior segments, and in the middle lobe 
the medial segmental artery may cross the plane separating medial from lateral 
segments. Furthermore, throughout the lung the peripheral veins lie in the inter- 
segmental planes and drain the blood from adjacent segments. Consequently, 
as Appleton has pointed out, ‘‘if an intersegmental plane is opened with a view 
to partial lobectomy, the tributaries of a collecting vein must of necessity be 
divided on one side or another.” It is suggested, therefore, that the broncho- 
pulmonary segment be defined as the zone of distribution of a major bronchus 
which may or may not be entered by arteries from adjacent segments and 
which is drained peripherally by veins occupying intersegmental planes. 


CONCLUSIONS 


Seven plates and supplementary figures are presented showing the origin 
and distribution of the segmental bronchi and associated blood vessels, and their 
relation to each other and to adjacent structures in the vicinity of the hilum. 
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These dissections have confirmed the conclusions of Jackson and Huber 
(1943) that there are ten principal bronchopulmonary segments in the right 
lung. These are the nine ‘‘distributions’’ described by Ewart in 1889, with 
an additional one obtained by counting the two rami of the middle lobe bronchus 
as one. On the left side eight are recognized. 

Jackson and Huber’s nomenclature has been retained since these terms 
are believed to be the simplest and most consistent. They are as follows: 
superior lobe (apical, anterior, and posterior segments), middle lobe (lateral 
and medial segments), inferior lobe (superior, medial basal, anterior basal, 
lateral basal, and posterior basal segments). 

The left lung is considered to be made up of eight segments: segments 
of the upper division of the upper lobe (apical-posterior and anterior), seg- 
ments of the lower or lingular division (superior and inferior), segments of 
the inferior lobe (superior, anteromedial basal, lateral basal, and posterior basal). 

Ten principal arteries have been identified on each side. They have been 
given the names of the bronchial segments of the right side. 

Ten principal veins have also been identified in each lung. These have been 
given the names of the bronchi which lie superior and adjacent to their proximal 
stems, except the first two veins of the right superior lobe. These have been 
named apical-anterior and inferior. 

In general, the arteries follow the peripheral distribution of the bronchi 
while the veins, after leaving the root of the lung, assume an intersegmental 
position. 

The veins are more variable than the arteries and the arteries more 
variable than the bronchi. The more common variations have been listed. 

From the standpoint of the relation of segmental arteries to bronchi, the 
least stable segments of the lung seem to be the apical and posterior of the 
right upper lobe and those of the middle lobe. In the former the extent of 
the bronchial ramifications is variable and there is a strong tendency for the 
right apical artery to accompany portions of the posterior bronchus. Similarly, 
in the middle lobe, there is a tendency for the medial artery to supply the 
lateral bronchus. 

Finally, notwithstanding the ease with which some segments can be resected 
surgically, the bronchopulmonary segment should not be considered to be a 
morphologic bronchovascular unit. It is merely a bronchial distribution with 
intersegmental planes that may be crossed by arteries from adjacent segments 
and that contain veins which drain all contiguous segments. 
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ADDENDUM 


After this article had gone to press the July issue of the English Journal of Anatomy, 
containing A. B. Appleton’s comparative study of the arteries and veins of the right upper 
lobe in fifty specimens reached the University Library. Since it is the most detailed statistical 
account yet to appear, certain observations especially pertinent to this article have been 
recorded here. 

Perhaps the most outstanding contribution is the author’s analysis of the extent to 
which segments of the right upper lobe are supplied by arteries from adjacent segments. 
Thus, in 22 per cent of specimens the posterior segment was supplied exclusively by ‘‘re- 
current’’ branches of the apical segmental artery; in another 8 per cent it was supplied wholly 
or in part by branches of the anterior (‘‘pectoral’’) segmental artery; and in another 2 per 
cent by branches of the middle lobe artery. Similarly, the apical segment was partly supplied 
by rami of the anterior segmental artery (14 per cent) and the anterior (‘‘pectoral’’) seg- 
ment by branches of either the apical or middle lobe artery (8 per cent). f 

A second point to which attention should be called is the extent to which the anterior 
segment and the posterior segment are supplied by arteries arising from the interlobar portion 
of the right pulmonary artery (Appleton’s ‘‘ascending’’ branches of the ‘‘lower division’’ of 
the artery). Thus, in 42 per cent of specimens the anterior segment was partly supplied 
(and in 6 per cent, wholly supplied) from this source. Less surprising was the fact that 
in 32 per cent of specimens the posterior segment was wholly supplied (and in 44 per cent, 
partly supplied) by arteries arising from the interlobar part of the artery. 

With respect to the veins, Appleton’s plan of naming deep peripheral rami by the 
intersegmental planes which they occupy is excellent. Less felicitous are his terms for the 
large proximal trunks: for example, designating the posterior vein (V%, Plate 5) as ‘‘ great 
upper lobe vein,’’ affords no clue to its position. Of special interest to surgeons is his dis- 
cussion of the approaches to the bronchovascular pedicle of the right upper lobe, and the 
different vascular patterns encountered in the interlobar approach. 





A NEW DESIGN FOR RAISING A TUBED PEDICLED FLAP 
P. GaBarr6, M.D.,* BARCELONA, SPAIN 
THE CLASSIC METHOD OF RAISING A PEDICLE 


HE usual way of preparing a tubed pedicled flap according to Gillies,’ 

Barsky,” or Fomon® is shown by Fig. 1. 

Gillies described accurately how to close the corners at the union of the tube 
with the edges of the donor site, which are commonly called ‘‘triangular 
corners.’’ Following this technique the closure of the corners is complete. To 
facilitate the closure it has been advised that the incisions should be staggered. 

With this technique the tubed pedicled flap lies exactly over the donor area, 
with the result that the suture line of the pedicle is on its undersurface and lies 
directly over the suture of the donor area, or over the dressing of the graft if the 
defect has been covered by a skin graft. It is not unusual to find that in suturing 
the corners, a certain degree of tension exists. In fact, Barsky remarked that, 
‘*short tubes are difficult to suture and rotate.’’ , 

When for any reason (hematoma, infection, failure of the graft, sloughing 
of any edge, ete.) there is some complication in the pedicle or the donor area, 
or—as is more common—in the corners between them, it becomes difficult to 
do the proper dressing between the pedicle and the donor area. The healing 
of the triangular corners may be slow. Should edema from infection or any 
other cause supervene, the difficulty in dressing may be greater and the facility 
for spreading infection may increase. 

I have encountered these complications several times in the work of very 
experienced plastic surgeons and, of course, in my eases too. Is it possible to 
avoid many of these difficulties ? 


THE FUNDAMENTALS OF THE NEW TECHNIQUE 


Four Essential Points to Consider—tTo lessen these difficulties a method 
should be found which would: (1) allow the flap and the donor area to be 
treated separately, (2) render both lines easily accessible, (3) facilitate the 
closure of the ends, and (4) place the suture of the triangular corners of the 
pedicle outside the main suture line of the donor area. 

The Basic Consideration —To attain these objects the tubed pedicled flap 
should be longer than the straight distance between the ends of the donor area. 
By the classical method these lengths are exactly the same. 

The solution from the geometrical point of view is quite simple if we con- 
sider that in a semicircle or any arch the diameter, or the straight line between 
the ends of the arch, is always shorter than the arch itself. Thus, if we design 
the pedicle in a curved line, the tube will be longer than the straight distance 
between its ends and therefore loose over the donor site. The shorter the radius 
of the curve of the flap, the looser will be the pedicle over the donor area (Fig. 2). 

This point has limitations in practice, above all the ones coming from the 
blood supply, with which we shall deal later. 

By examining the drawings it can be seen that the excess length of the 
pedicle in relation to the straight line allows us to bring the tubed pedicled 
rere for publication, June 19, 1945. 

*Former Secretary of the Society of Surgeons of Catalonia. Now Plastic Surgeon at 


Baguley Emergency Hospital, Manchester, England. 
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flap away from the donor area, making all the suturing and any necessary 
maneuver easier. 

Since the first pericle was raised, Nov. 17, 1942, the technique has been 
slightly altered and improved by experience. 

THE TECHNIQUE 

The planning of the pedicle is an important step. Very seldom is the same 
type of flap useful in two different patients. Before raising the pedicle it is 
necessary to decide such points as (a) the area from where the flap is to be 
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Fig. 1.—The classic method of raising a tubed pedicled flap. A, Two parallel incisions 
of the skin designing a rectangle; all the skin is undermined and rolled in. The donor site, 
after undermining, may be closed or skin grafted. B, The stitches of the pedicle are exactly 
superimposed to the stitches of the donor area. 7, The so-called triangular corners, one on 
each side. C, The suture of the donor area is covered by the pedicle. The sutures of the 
pedicle are completely under it. To reach the suture of the donor area it is necessary to 
pull the pedicle aside. 


Fig. 2.—The main difference between the classic and the new method of raising a tubed 
pedicled flap is shown. A, The pedicle is kept over the donor area with the tension of the 
normal skin. To bring the pedicle to one side, it is necessary to force it. The suture of the 
donor site should be done from symmetrical points from the edges. B, The pedicle remains 
easily outside the donor area and it is quite loose. No effort is necessary to bring it to one 
side. The pedicle is displaced with the same arch as it was cut from the donor site. 


raised, (b) the size and curvature of the flap, (c) the number of stages, (d) the 
necessity of any delay operation, (e) the way to transfer the pedicle to its final 
position. All these conditions are interdependent and should be decided before 
the first operation. 
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The Curvature.—The curvature should be adapted to the size of the flap 
and to the local condition of the blood supply. 

In small pedicles the curve should be pronounced, with a short radius. A 
radius of 5 or 6 em. for the inner curve may be adequate. In these small flaps 
the blood supply is not likely to suffer and the design may be practically any, 
from a very curved line to an almost angular flap, although acute angles should 
be avoided. 

In large pedicles the curvature should be less and, therefore, of longer 
radius. A radius of 10 em. or more in length is most suitable for the inside 
curvature. It may be dangerous to cut large pedicles following very pronounced 
curves because of some interference with the blood supply. However, if an un- 
usual curvature were necessary in many eases it might be obtained by delaying 
the flap before the main operation, or by building up the flap in stages. 

The Size-——I have been able, with this technique, to raise tubed pedicled 
flaps of very different sizes. The smallest flap has been 11.5 by 4.5 em.; the 
standard has been about 18 by 7.5 em. These two sizes can be considered 
orthodox and be raised at the first operation without undue danger. 
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Fig. 3.—The method devised by the author of this article. A, Two parallel curves start- 
ing and finishing at the same level mark the edges of the pedicle. The skin is raised and 
rolled in. Radius of the inside curve is 5.5 cm. B, The stitches of the donor area are not 
inserted in the symmetrical points but radially, with the object of bringing the flap more to 
the side of the center of the curvature. C, All the sutures are in place. The central sutures 
of the flap are at the edge or over the flap. The sutures of the corners and of the tubed 
pedicled flap are described in the text and additional illustrations. 


One of my large flaps was 23 by 8 em., raised from the side of the abdomen. 
It was made in two stages: at first the edges of the pedicle were cut completely 
and sutured back immediately as a ‘‘delay’’; in the second stage the flap was 
raised completely. 

My longest flap, of a completely unorthodox size, was 33 em. long by 7.5 
em. wide. It was raised from under the axilla and on to the back of the chest. 
The design was forced by the position of the areas which were available. It 
was raised in two stages. The first stage was to raise a pedicle 19 by 7.5 cm. 
and the second stage consisted of prolonging this pedicle by 14 em. more, with 
the same width. The angle between both pedicles was about 90 degrees. The 
result was quite satisfactory. 

The Raising of the Pedicle-—Once the size and the curvature are decided, 
two curved parallel lines are painted in ink on the skin. It is not necessary 
to use a divider, in fact, I always do it by hand, taking careful measurements. 
This allows me to make any slight modification which may be necessary to adapt 





GABARRO: DESIGN FOR RAISING TUBED PEDICLED FLAP 13 


the design to the selected area. Sometimes the ends of the curve do not follow 
exactly the curvature of the central part; they may be straighter. 

The skin to be tubed is now completely raised. All the edges of the donor 
area are undermined for at least 2 or 3 em. all around, but sometimes much 
more. This is the time to decide if the donor area can be closed by direct suture 
or if a skin graft will be necessary to cover it. On the abdomen it is very often 
possible to close completely the donor site by direct suture, even in the case 
of large flaps. Sometimes the removal of some subcutaneous tissue may help to 
make the closure easier. 

In any case there is no difference in the technique of this closure of the 
donor area following this new technique or the classical one, except at the 
corners, as will be explained later. 


Now the flap should be tubed. Holding the edges with hooks or carefully 
with the fingers, the sutures will be placed, keeping the skin as it lies, without 
tension. I place a central stitch first, which, it ean be seen, is not underneath 
the pedicle, but at one side or slightly on the upper side. Holding this stitch 
up, a few interrupted sutures will bring all the edges of the flap together. The 
central part of the flap is now completely sutured. The ends are still open. 

The donor area should now be sutured. To begin, a few stitches, three or 
five, will bring the edges as close as they can be without undue tension. These 
stitches should not be inserted at the same level at both edges. They should 
follow a radial direction (see Fig. 3B). It will be seen that this facilitates the 
approximation of the ends of the pedicle, which is a very important part of this 
technique. If it has been decided that the donor area should be covered by a 
skin graft, the same type of stitches should be placed approximating the edges 
and they should be kept until the graft has been inserted and then removed. 

The suture of the ends of the pedicle is not difficult but it is slightly 
‘‘tricky.’’ Because the flap is fairly loose the corners are easily accessible. The 
suture should be done as is shown in Fig. 4. The flap is kept as much as possible 
to one side and this side of the end of the flap should be completely sutured to 
the edge of the donor site. The other side should have very few sutures from the 
end of the pedicle to the edges of the donor area, sometimes none. Part of this 
end of the pedicle should be sutured by at least two or three stitches to the 
other side, the side toward which the pedicle is displaced. By this very essential 
maneuver the suture of the tubed pedicle is made entirely independent of the 
suture of the donor area. There should be two triangular corners at each end 
of the flap and all the sutures should be placed without tension. If tension is 
necessary, it is because the flap has not been brought enough to one side or the 
curvature of the design was too shallow. 

Once finished, the tubed pedicle stands quite easily away from the donor 
area, sometimes 3 or 4 em. at its center. If the donor area has been closed by 
direct suture the result is even better. If a graft has been put over the donor 
area, the dressing covering it remains almost completely at one side of the pedicle, 
but not beneath it. 

I do not employ drainage anywhere at the end of the operation. If in some 
exceptional cases I am not quite certain that the area will remain dry, I may 
leave two stitches undone at one end, to facilitate the drainage of any possible 
collection. The dressing, always a very important part of the operation, is 
done with gauze, sometimes slightly wet; fair pressure is always applied over 
the donor area and at the ends of the flap, but only very light pressure is left in 











736 SURGERY 


the central part of the flap. The central part is left always visible or just 
covered by a simple superficial bandage, to permit. examination at any time. 


DISCUSSION 
Have the four essential points been obtained ? 


1. Is it possible to treat separately the flap and the donor area? The exam- 
ination of Fig. 5A makes this evident. 
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Fig. 4.—How to suture the triangular corners. (The flap has been cut and raised to 
show the suture of the corners.) A, The flap is kept to the side of the center of the curva- 
ture. The end of the flap of this side should be completely sutured to the edge of the donor 
site. The other side of the end of the flap should be sutured by only two or three siitches to 
the same side of the donor area and by, at least, two or three stitches to the side of the center 
of the curvature. B, The main sutures are in place. It remains to close the triangular corners. 
With this technique there are four triangular corners, two at each end. C, One of the sutures 
which can be used to close the central part of the triangular corners. The accurate closure 
of these triangles is very important. D, All the sutures are in place. Notice the independence 
of the suture of the pedicle and of the donor site, 
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A. B. 


Fig. 5.—A, The tubed pedicle flap can be easily lifted and all the suture lines are easily 
exposed. Flap and donor site can be treated separately. This pedicle was raised on July 
17, 1948. B, The tubed flap at rest remains at one side of the donor area. This flap was used 
successfully to rebuild the pharynx. 


Fig. 6.—Note that the stitches of the tubed pedicled flap are lateral and the central one 
is slightly over the flap. This flap is 19 cm. Jong by 7.5 cm. wide and it was later prolonged 
in angular line with another pedicle in verticle direction 14 cm. long and with the same width. 
The whole is to be transferred to the left axilla and to the entire anterior part of the neck, 
deeply burned. No incidents have occurred and the fiap is already inserted by the two ends 
on the sides of the neck. 

Fig. 7.—Tubed pedicled flap 15 by 7 cm. The donor area was closed by direct suture. 
The pedicle stands apart from that suture. Because the flap is loose it is easy to push it up 
or to examine the corners. Note that three stitches can be seen at the center of the flap. 
There is no strain anywhere. The pedicle was raised on June 28, 1944. 
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2. Are both lines of suture easily accessible? From the donor area point 
of view this is obviously so. The suture of the pedicle becomes almost com- 
pletely lateral and, if the curve is very pronounced, some of the stitches may be 
on the external surface of the flap. This is shown clearly in Fig. 6. 

3. Is the closure of the ends facilitated? Yes, inasmuch as the pedicle is 
longer it is much more loose and there is much more room for maneuvering. 





Fig. 8.—Flap 20 cm. long by 7.5 cm. wide raised from the abdomen without delay and 
following the technique described in this article. It is on the way to the neck, via chest, which 
ee burned deeply by x-ray therapy. The transfer has already been done quite suc- 
cessfully. 


4. Is the suture of the triangular corners of the pedicle outside the main 
suture of the donor area? If the pedicle has enough curvature and during all 
the suturing it has been kept apart from the donor area, it will be seen that the 
suture of the flap and the suture of the donor area remain easily separated al- 
though there is a line of suture between them. If this is not easy it is because 
the flap has not been brought enough to one side. This lateralization should come 
easily ; if not, it means that there has been some defect in following the technique 
explained. 

In no case should the tubed pedicled flap be sutured forcing its position. 
The stitches should unite edges which lie easily together. 

If the donor area instead of being sutured is grafted, the main sutures re- 
main much the same, perhaps easier to place, because there is less tension at the 
edges of the donor area. In this case I would advise the suturing of the ends of 
the pedicle only at one side of the donor area and covering the other side with 
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the graft, as can be seen in Fig. 5B. The position of the triangular corners 
should be exactly the same as in the case of complete suture of the donor area. 

' Perhaps at first sight it may appear that the technique is complicated, but if 
the method described is followed from the beginning it will be found that the 
details become obvious when the pedicle is in the hand. 


RESULTS 


Following this technique I have raised twenty tubed pedicled flaps of very 
different sizes, from 11.5 by 4.5 em. to 33 by 7.5 em. (the latter in two stages). 
In sixteen cases the result was quite satisfactory from the beginning. In 
three cases there was a small blue spot at the center of the flap, followed by a 
very superficial loss of skin which recovered completely in less than ten days. 





Fig. 9.—The relationship of the main artery and the blood supply of a long flap. A cen- 
tral forehead flap of the up-and-down type to be used for a rhinoplasty. There is no main ar- 
tery described in any anatomy textbook which goes up from the left eyebrow, across the mid- 
line, and down to the right side of the forehead. The blood supply is provided by the net of 
small vessels of the scalp and forehead. The result was quite uneventful. 


In only one case was there a very small loss. It was in a flap 20 by 8 em. 
raised in one operation, without any previous delay, on the upper part of the 
left thigh (to be brought down to the heel of the right foot). In the center of 
the flap there was a loss of skin 1.5 em. long by 0.6 em. wide. The whole pedicle 
is at this time in quite good condition to follow the plan devised. 

This was the only case with any loss, which probably could have been 
avoided by a simple ‘‘delay.’’ 
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Blood Vessels and the New Technique.—Is this technique made difficult 
beeause the direction of the vessels does not allow enough freedom to select the 
necessary curve? The answer is, ‘‘No, not if done properly,’’ for the following 
reasons. 

1. Although in practically all books on plastic surgery the main vessels are 
mentioned as the most imporiant consideration in the design of a pedicle, this 
is not always quite so. It is too long a matter to be explained completely in 
this article but I shall mention three facts. I have raised, after careful con- 
sideration, long flaps of completely unorthodox design, from the point of view 
of the blood vessels, and successfully. Blair* shows some flaps raised without 
any relationship to the main vessels. The typical up-and-down central forehead 
flap, a quite sound flap, is, too, unorthodox from this point of view. 

2. In a small and wide flap, say 12 by 7 em., the large vessels are not 
of much importance and frequently the flap can be raised with safety in any 
direction. It should be mentioned in particular that these short flaps are the 
ones which need a marked curvature to obtain the necessary extra length. 

3. With long and narrow flaps, in which the big vessels must be considered, 
the curvature necessary to obtain the extra length is very small and often is just 
the degree of curvature which the vessels normally possess. But it is always 
possible by careful ‘‘delays’’ to raise successfully flaps which do not follow the 
line of the vessels. 








Fig. 10.—Straight vessel. If desired it is still possible to keep the main vessel within a pedicle 
cut on the curve. 


Let me remark, also, that if a straight vessel is wanted it is often possible 
to enclose it inside the curved pedicle (Fig. 10). 

Thus far I have not encountered a case in which it was impossible to cut the 
flap as described here and I have found the technique very helpful. 


SUMMARY 
A new technique is described for raising a tubed pedicled flap. This is 
largely based on a design whereby the tubed pedicle is cut on the curve, thus 
making the pedicle lie lateral to the donor area, simplifying all suturing, and 
making the pedicle much more free. The so-called triangular corners of the 
end of the tube are sutured apart from the main suture of the donor area, 
thus simplifying the nursing care. 
The technique is fully described with illustrations. 
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The tubed pedicled flap and its donor area become independent from the 
first operation. 
The-results of twenty cases are discussed. 


The photographs were taken by Miss H. Marsden and by Miss E. Gibbons. 
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RESUSCITATION OF SEVERELY WOUNDED CASUALTIES 


CAPTAIN JOSEPH J. LALICH, AND Major JAMES M. Mason, III, 
MepicaL Corps, ARMY OF THE UNITED STATES 


INCE the American forces landed in North Africa in November, 1942, many 

changes have occurred in the concepts and management of peripheral circu- 
latory collapse. Our present views on resuscitating and treating severely 
wounded battle casualties are based on two years’ experience in caring for such 
cases. This experience was gained from rendering resuscitation therapy and 
surgery to the most seriously wounded which were selected in division clearing 
stations and sent to adjacent field hospital platoons. These platoons were staffed 
by shock and surgical teams of an auxiliary surgical group, one of the shock 
teams being headed by one of us (J.J.L.), and one of the surgical teams by 
the other (J.M.M.). Prior to working in field hospital platoons, the former, 
during the North African and Tunisian Campaigns, served as shock officer in 
an evacuation hospital. Since the beginning of the Anzio-Nettuno Beachhead 
operation in Italy, he has supervised the resuscitation of over 1,500 battle casual- 
ties. It was early recognized that whole blood was the most essential agent to 
be used in combating wound ‘‘shock.’’ The collecting and transporting of 
fresh whole blood in adequate quantities were the biggest problems which 
confronted the medical officers in forward hospitals. Up until the Anzio-Nettuno 
Beachhead landings it was necessary to draw blood from available military 
personnel at the time that the blood was to be used. A British Field Trans- 
fusion unit landed on D-Day of that invasion and furnished blood to the Amer- 
ican forces. Soon after the beachhead was established, low titer group O blood 
was sent to forward hospitals by an American General Medical Laboratory. 
The blood transfusion program has been one of the most important, elaborate, 
and satisfactorily worked-out projects of World War II. Now one has avail- 
able all the blood needed as far forward as the field hospital platoon. 


oe be | 


THE ‘‘NONTRANSPORTABLE’’ CASUALTY 

It was expedient that some method of classifying the wounded be adopted 
so that the seriously injured could be treated early and would not be exposed 
to unduly long ambulance rides. Therefore, individuals requiring immediate 


care were listed as ‘‘nontransportable,’’ which implied that they were not to be 
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evacuated beyond the platoons of field hospitals without surgery. The patients 
in the nontransportable group need not necessarily have peripheral circulatory 
failure. The nontransportable casualties included principally: penetrating and 
perforating wounds of the peritoneal and pleural cavities, and of the spine; 
traumatic amputations; compound fractures of the femur; and vascular in- 
juries necessitating the application of a tourniquet. Multiple combinations of 
these injuries were commonly seen in the group. 

The patients were young, vigorous, healthy men, seldom over 25 years of 
age, who had been exposed to extremes of weather, had existed on irregular 
or inadequate diets, and who had experienced the stress of battle. Practically 
all had had morphine, often 14 gr. subeutaneously, before arriving at the field 
hospital. Water had been denied to practically all of those with abdominal 
wounds, while others received none or minimal amounts before admission. All 
were subjected to evacuation over rough roads. Fractured extremities were 
supported with Thomas or wire ladder splints. Plasma, from one to six units, 
had been given to about one-third of the wounded in battalion aid, collecting, 
or clearing stations. Approximately one in fifteen of the extremity cases had a 
tourniquet in place on admission. Evacuation time to the field hospital was 
commonly six to twelve hours under usual circumstances, but was as long as 
eighteen to twenty-four hours in mountainous terrain. 


GROUPING OF CASUALTIES BASED ON TRAUMA AND CIRCULATORY STATUS 


A further classification of these patients based on trauma and circulatory 
status was helpful. The latter was adopted because it guided the priority and 
speed with which resuscitation was carried out and served as an index of the 
degree of peripheral circulatory collapse. The former classification was indi- 
cated because the type of trauma may be, in a given case, a more important 
factor than the circulatory status in deciding when surgery should be done. 

First, there are the wounded with trauma and hemorrhage as the underlying 
causes of the failing peripheral circulation. This group includes many combin- 
ations of injuries. In the absence of active hemorrhage it is possible to restore 
and maintain a stable peripheral circulation in these patients when sufficient 
blood and plasma are given. 

Second, in addition to trauma and hemorrhage, some of the wounded have 
the added factor of cardiorespiratory embarrassment. The necessity for ecor- 
recting cardiorespiratory embarrassment cannot be stressed too strongly, since 
the cause or causes of inadequate oxygenation must be relieved before the heart 
can be expected to respond favorably to injections of plasma or blood. 

Third, there is the group of wounded with trauma and hemorrhage plus 
infectious or chemical contaminations. The contamination may be in the peri- 
toneal (Case 1), or the pleural cavities, as well as in grossly macerated tissue. 
The men in this group, even in the absence of continued hemorrhage, usually 
respond sluggishly to transfusions and require large volumes of blood and 
plasma. 

The circulatory status was judged on the basis of the admission blood 
pressure. The following subdivisions were adopted: (a) casualties with a blood 
pressure in excess of 90 mm. Hg, in whom peripheral circulatory failure was 
impending; (b) those with a systolic blood pressure of 90 mm. Hg and below; 
and last (c) those with an absent auscultatory blood pressure. It was appre- 
ciated that an absence of the auscultatory pressure in the arm is not an index 
of the pressure existing in the cardiopulmonary system. An absent ausculta- 
tory, or a 0/0 blood pressure, is a grave omen in itself, since one cannot deter- 
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mine for what interval of time the patient has had this degree of peripheral 
failure. Immediate prognosis in patients, especially those with a 0/0. blood 
pressure, we found was dependent on the response of the systolic pressure to 
intravenous injections of blood or plasma. As long as a 0/0 blood pressure 
was restored to the supposed normai level (100 mm. Hg or more) with infusions 
of 500 to 1,500 c.c. of blood, the response was considered good and the imme- 
diate prognosis favorable. 


BLOOD PRESSURE IN THE NONTRANSPORTABLE CASUALTY 


After the number and types of wounds were noted and the possibility of 
active hemorrhage was considered, the blood pressure readings, in conjunction 
with the pulse and the respirations, served as the most reliable guide for re- 
placement therapy. In spite of the acknowledged importance of the blood 
pressure readings, they were misleading in some instances. In casualties with 
traumatic amputations and in those with extensive soft tissue damage of the 
thigh and buttock, the blood pressure was often maintained around 100 mm. 
Hg from three to eight hours after wounding. When such patients were sub- 
jected to surgery without the supportive measure of 500 to 1,000 c¢.c. of blood, 
peripheral circulatory collapse frequently occurred during anesthesia or surgery. 
Patients with chest and abdominal wounds were known on occasion to react in 
a similar manner. 

Patients arriving at field hospitals with records of having had plasma but 
without blood pressure recordings must be observed very carefully before any 
conclusions are reached concerning the stability of the peripheral pressure. 
One should know, in these eases, the initial pressure, how the pressure responded 
to plasma, and the ability of the circulation to maintain a stable peripheral 
pressure. 

Auscultatory blood pressures have been observed to disappear in one of two 
ways. A systolic pressure around 100 mm. Hg may abruptly begin to decline 
and become inaudible in five to fifteen minutes after turning the patient pre- 
operatively or during surgery. In other instances, the systolic pressure may 
maintain a level of around 90 mm. Hg and may be definitely recorded at this 
level while the sounds gradually diminish in intensity and tend to fade away. 
This latter finding is most often observed in the immediate postoperative period 
and is an ominous sign. When this observation is made we feel that plasma or 
blood is indicated. 

An absence of the auscultatory sounds in the antecubital area is some- 
times noted on early inspiration when the systolic pressure is first recorded 
and for the next 4 to 8 mm. Hg thereafter. This finding is much more frequent 
before and during surgery than in the convalescent period. It is also more 
frequently observed in individuals whose systolic pressure is 90 mm. Hg or 
above. The respiratory influence upon the systolic pressure preoperatively and 
during surgery seemed to be associated with an unstable peripheral pressure. 

In Table I, twenty cases are tabulated to show the drop in systolic pressure 
which occurred during the course of treatment. 

Out of this group of twenty cases only the patients in Cases 1, 5, and 7 had 
active bleeding during surgery. Six patients (Cases 1, 6, 7, 9, 10, and 11) 
developed peripheral failure postoperatively. A decline in systolic pressure 
which occurred during surgery was quickly observed and treated with added 
injections of blood or plasma. Peripheral circulatory failure postoperatively 
is likely to be missed during extremely busy periods unless a definite effort is 
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made to follow hourly blood pressure fluctuations for at least the first six hours 
after surgery. Many factors such as deep anesthesia, continuing hemorrhage, 
and certain intrathoracic injuries are known to cause lowering of the blood 
pressure, but in the seriously injured, inadequate replacement therapy was felt 
to be the most frequent cause for a break in peripheral circulatory compensa- 
tion. It has been repeatedly demonstrated that a failing peripheral pressure 
can, in many instances, be restored and maintained with added injections of 
blood and plasma. In view of the frequency with which drops in systolic pres- 
sure occur during the course of treatment, we believe that replacement therapy 
is inadequate unless an added 500 to 1,000 ¢.c. of blood are given after the 
assumed normal level (100 mm. Hg) is attained. Replacement therapy, there- 
fore, does not stop in the resuscitation tent, but is continued during surgery 
and is usually necessary for the first six hours postoperatively (see Case 1). 


































During surgery, when drops of blood pressure develop as the blood is being 
injected, the drop is relieved by increasing the volume of flow by gravity or 
pressure depending on the degree of the drop. Injecting more blood or plasma 
at such a time is the most effective means of overcoming the developing peripheral 
collapse if it is amenable at all to intravenous therapy. Once the systolie pres- 
sure is restored to 70 mm. He a definite attempt is made by the anesthetist 
to determine whether generalized fine moist rales have developed during the 
course of injection. In the event of moist rales, the rate of flow is so regulated 
that a level of 80 mm. Hg is, if possible, maintained and the level of 100 mm. 
exceeded only after several hours.° 


CLINICAL OBSERVATIONS 


Patients with abdominal and extremity injuries with an admission 0/0 
blood pressure which failed to respond to transfusions were usually conscious 
until shortly before they died. Patients with chest injuries and an associated 
anoxemia may be restless or at times unconscious, even when the systoli¢ 1. ’es- 
sure is 70 mm. of Hg or more. Head injuries, as a group, did not present the 
peripheral circulatory collapse that other types of injuries tended toward, al- 
though the very severe head injuries did show fluctuations in pulse and blood 
pressure. Unconsciousness, of course, was common in this last group. As is 
well known, the color of the skin is influenced by the external temperature, the 
severity of the hemorrhage, and the presence or absence of respiratory embar- 
rassment. Patients with hemopneumothorax were cyanotic if they had not lost 
too much blood; otherwise they were pale. Those with massive or recurrent 
hemorrhage whose blood pressure was supported with repeated injections of 
plasma had a waxy yellow skin. In our experience, including the’ wounded 
with waxy yellow skins, the color of the skin and lips was not reliable in eval- 
uating the circulatory status of the patient. Red lips with an absent ausculta- 
tory blood pressure and pale lips with a systolic pressure above 100 mm. He 
have been observed. The majority of the casualties treated were cold and wet, 
some had oral temperatures as low as 93° F. Blood stored in the icebox was 
routinely injected. Sweating was rare in the patients observed in this study. 

The pulse was usually rapid and feeble while in other instances it was 
slightly accelerated in the presence of peripheral failure.t| Unless the radial 
pulse was absent or in excess of 140 beats per minute, the circulatory status 
was difficult to evaluate from the pulse rate. Frequently, a pulse rate of 140 
fails to diminish with transfusions in the presence of a rising blood pressure. 
When the surgical condition permits, in such a case a delay of one-half to one 
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hour with added transfusions is helpful. An increase in the radial pulse rate 
was not infrequent during resuscitation (see Case 3). A pulse deficit of 3 to 
6 per minute was not uncommon in patients with a systolic pressure of 70 mm. 
Hg. In our experience the radial pulse volume was a far better index of the 
condition of the peripheral circulation than was the rate. 

As has been previously noted by others, the veins in the extremities may 
be so diminished in caliber that they are no longer discernible. Sometimes it 
is impossible to insert a needle into a vein, because, in addition to the decreased 
diameter, active spasm of the venous wall occurs. In other instances, after the 
saphenous vein is cannulated, the resistance to the flow of blood can be so 
pronounced that gravity will not suffice. Cold blood frequently induces some 
venous spasm and a decrease in the rate of flow. At times cold blood may 
actually stop flowing when suspended four feet above the patient, thus neces- 
sitating positive pressure as recommended by the British Transfusion School. 


HEMORRHAGE IN THE NONTRANSPORTABLE CASUALTY 


Trauma and hemorrhage were, in this group, so associated and so closely 
interrelated in their influence upon the circulation that it was difficult to think 
of one without considering the other. Early in this study it became evident 
that the patients had lost much more blood than one might have thought. 
Surgical intervention for active bleeding, however, was rarely necessary on 
admission, since bleeding had usually stopped spontaneously. Even though it 
was not possible to estimate the volume of blood lost prior to admission, it was 
felt that this loss was appreciable. In patients admitted to the field hospital, 
hemorrhage from extremity wounds was often excessive. The proper applica- 
tion of the tourniquet in these cases cannot be stressed too strongly.? In ab- 
dominal injuries hemorrhages of 1,000 to 1,500 ¢.c. of blood were common.® 
In injuries of the chest as much as 2,000 ¢.c. of blood may be recovered from 
the pleural cavity where partial or complete hemostasis had been established 
before surgery. Continued minimal bleeding was observed during surgery from 
mesenteric and intercostal vessels, and in rupture of the spleen, liver, and 
kidneys. 

ROUTINE ADOPTED FOR THE TREATMENT OF WOUND SHOCK 


Any generalizations advocated for the treatment of patients in shock have 
exceptions. In many of the casualties 1,000 ¢e.c. of blood or plasma alone ean 
no longer be considered sufficient resuscitation. The routine described here 
sufficed for the majority of the eases. The exceptions required consideration in 
deciding what volume of blood should be given, the speed of injection, and 
whether surgery should wait until a satisfactory compensation was attained. 

The admission blood pressure served as a criterion for the speed with which 
resuscitation was started. Those with the lowest pressure received treatment 
first. 

Individuals suspected of impending peripheral failure with an admission 
pressure of 90 mm. Hg or more were given 1,000 ¢c.c. of blood in one to two hours’ 
time by gravity, regardless of whether or not plasma had been given previously. 
Patients with traumatic leg amputations were most frequently in this group. 


Casualties with a pressure of 90 mm. Hg and less were given blood at such 
a rate that 500 c.c. were administered in approximately thirty minutes. The 
volume of blood which patients in this group obtained depended on the response 
of the blood pressure, the pulse changes, and the patient’s general condition. 
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Casualties with a 0/0 blood pressure were considered to be in advanced 
peripheral circulatory collapse. Therefore, vigorous resuscitation was adminis- 
tered. These casualties usually required 2,000 ¢.c. of blood and plasma. How- 
ever, total volumes (preoperatively and during surgery) of 4,000 to 5,000 e.e. 
were not uncommon (see Table II). Furthermore, should the patient lose say 
500 ¢.c. of blood in a short time during surgery, the replacement of this volume 
in a similar time interval was desirable. For these reasons patients with a 0/0 
blood pressure had cannulae routinely inserted and tied into the vein. With the 
cannulae intact the blood was forced under pressure into the vein so taat 500 
c.c. were injected in five to ten minutes. Blood was injected at this rate as long 
as the systolic pressure remained below 70 mm. Hg. Once the systolic pressure 
attained 70 mm. Hg the rate of infusion was decreased so that 500 ¢.c. required 
around thirty minutes. In the absence of external bleeding, when the blood 
pressure failed to attain 100 mm. Hg after 1,500 ¢.c. of blood had been given 
rapidly, the patient’s condition was re-evaluated in conjunction with the sur- 
geon. Patients who failed to respond to 2,000 ¢.c. of blood injected rapidly 
were found to have continuing hemorrhage or some other factor producing the 
peripheral collapse. Experience showed that in such eases nothing was gained 
by delaying surgery. Therefore, most of these cases were recommended for 
operation in the absence of a satisfactory peripheral pressure (see Case 2). 

Patients with chest injuries who exhibit peripheral failure may present 
added difficulties in resuscitation. Most casualties with chest injuries had sys- 
tolic pressures in excess of 70 mm. Hg on arrival. When cardiorespiratory 
embarrassment is present, injection of blood or plasma should not exceed the 
rate of 500 ¢.e. in thirty minutes until the factors of hemothorax, pneumothorax, 
blood or mucus in the trachea, and pain associated with chest wall defects are 
ruled out or treated. A rapid respiration, commonly with a shallow excursion, 
was usually evident in the presence of cardiorespiratory embarrassment. Fail- 
ure to relieve the causes of cardiorespiratory embarrassment can cause an un- 
satisfactory response to intravenous therapy (see Case 3), may prolong restless- 
ness or unconsciousness if present, and may result in death. 


No heat was applied to the patients. The clothes were removed and the 
wounded were placed between dry blankets. Intranasal oxygen was reserved 
for the cyanotic patients, for those with chest injuries and dyspnea or tachypnea, 
and for those who failed to respond satisfactorily to injections of blood or 
plasma. The casualties were not placed in the shock position because when vig- 
orous intravenous resuscitation was done this did not seem necessary. Others 
may feel differently about this point, but such was our experience. 


In many of the casualties the skin color and skin circulation were modified 
by injections of cold blood, and by physical and x-ray examinations in cold tents, 
all of which prevented the casualty from becoming warm until long after sur- 
gery. ue to these facts much stress was placed on systolic blood pressure and 
the pulse findings and it was felt that a systolic pressure restored to at least 
100 mm. Hg allowed for greater safety. Individuals with a satisfactory re- 
sponse were sent to the x-ray division after the systolic pressure attained 100 
mm. Hg, at which time the rate of infusion was slowed in accordance with how 
much blood was required. Those with unsatisfactory responses were seen in 
consultation with the surgeon and it was often found advisable to limit the 
examination to one or two x-ray exposures. With this policy it was possible 
to reduce the incidence of drops in systolic pressure preoperatively. 
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In Table II, twenty cases in which the patients had 0/0 blood pressure, 
picked at random and having been operated upon and treated by various sur- 
geons, are recorded with pertinent data pertaining to preoperative, operative, 
and postoperative treatment. Some of these patients were treated as just 
prescribed; others were not. Table II should be of interest in that it presents 
a cross-section picture of the problem of dealing with the casualty admitted 
with 0/0 blood pressure. 

In twelve of the cases, plasma given at forward stations, although definitely 
helpful, was incapable of maintaining the peripheral pressure during evacua- 
tion. Of the seven patients who died after surgery, four (Cases 8, 12, 18, and 
19) responded poorly to injections of blood and plasma. Circulatory compensa- 
tion was restored preoperatively in nine (Cases 2, 3, 4, 6, 7, 11, 18, 17, and 20) 
of the twenty cases. Five of these nine required more blood or plasma during 
surgery to bolster a declining systolic pressure. One patient® in this group had 
active bleeding at the time of operation. Nine had surgery started before the 
systolic pressure attained 100 mm. Hg. Of these nine the response to 2,000 c.e. 
or more of blood and plasma was poor in five (Cases 1, 5, 8, 18, and 19), there- 
fore, surgery was recommended immediately. One patient (Case 9) had a sat- 
isfactory response, but with the lapse of time the systolic pressure began to 
drop slowly. Some patients (Cases 14, 15, and 16) had satisfactory blood 
pressure responses preoperatively; however, surgery was initiated before the 
desired peripheral pressure was attained. In these three cases we feel that 
sufficient blood was not given in the immediate postoperative period. One 
patient (Case 12) who had a perforation of the cervical cord failed to respond 
to intravenous injections and died before surgery. 

The time spent in the resuscitation tent varied from fifteen minutes to 
twenty-one hours, fifteen minutes. The patients who waited longer than four 
hours did so during unusual periods of heavy casualty admissions. 

In Table II is shown how variable was the response to intravenous infusions. 
In rare cases a 0/0 blood pressure was elevated to the 100 mm. level with 500 
e.c. of blood. Commonly, the response was slower so that from 1,000 to 1,500 
e.c. of blood and plasma were necessary (Cases 2 and 4). In some the systolie 
pressure did not exceed the 100 mm. level until 2,000 ¢.c. of blood were injected 
(Case 6). Finally there were others failing to exceed the i100 mm. level even 
after administration of 2,500 ¢.c. of blood (Cases 5, 8, and 19). 


DISCUSSION 


It was not felt that issue should be taken with the now existing confusing 
nomenclature pertaining to ‘‘shock.’’ For the purpose of clarity, it was felt 
that a description of the casualty as recommended by Grant’ was more desirable 
until the moot aspects of terminology are settled. How much influence the 
factors of pain, dehydration, and cold exert on the peripheral circulation in the 
wounded remains undetermined. With time, however, we began to feel that 
simple blood loss prior to and during surgery was responsible for most of the 
peripheral failure. The response of the blood pressure and pulse to infusions 
of blood and plasma remained the principal guide, first for the volume to be 
injected, and second as to when surgery should be instituted. 

Early in this study, even though adequate quantities of whole blood were 
not available, we realized that a failing peripheral circulation could not be 
effectively restored and maintained with plasma alone. It was soon found that 
there were some patients who lost excessive blood in whom plasma produced 
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only a temporary elevation of the peripheral pressure. The decreased oxygen- 
carrying capacity of the blood in patients with excessive hemorrhage and the 
frequency of alarming anemias with hematocrit reductions of from 20 to 60 
per cent of normal during the first week postoperatively made us feel that 
a mere restoration of circulatory volume with plasma was not enough. Although 
facilities for determining blood volumes were not available to us at the time, 
one of us (J. J.L.) was able, while at Anzio, to make hematocrit determina- 
tions. These studies then and since have proved invaluable guides in directing 
intravenous therapy and in evaluating the patient’s physical status postopera- 
tively. 

In our opinion, nontransportable patients requiring resuscitation should 
receive whole blood. It is impracticable under military conditions to furnish 
blood forward of the first priority surgical hospital units adjacent to division 
clearing stations. At present, plasma is used to support a failing peripheral 
pressure until such a time when whole blood can be administered. 


It may appear that blood was injected too rapidly, especially into casualties 
who arrived with a 0/0 pressure. Rapid injection of blood was adopted for 
two reasons: First, those who did not respond to 1,500 ¢.c. of blood were sent 
to surgery more quickly than were those who did respond to this amount. 
Second, it was felt that the patient’s chance of survival was better the sooner 
the systolic pressure rose above 70 mm. Hg. 

With improvements in resuscitation and the availability of whole blood our 
attention was focused on the occurrence of postoperative uremia. The possible 
role of blood in relation to this syndrome was considered. From 2 to 3 per cent 
of the casualties treated in field hospitals developed this complication. The 
oliguria appeared within ten to eighteen hours postoperatively. In giving 
serious consideration to the possible role of blood in the production of post- 
operative oliguria, the question arises as to whether it would be preferable to 
carry a patient through the preoperative, operative, and immediate postopera- 
tive courses on minimal rather than generous quantities of blood. Some feel 
strongly that this more conservative regimen should be adopted. An objec- 
tion offered by others is that a risk is encountered in giving, unknowingly, not 
enough blood. With further studies of postoperative uremia, a satisfactory 
index, we trust, will be arrived at. We have practiced, to date, the giving of 
generous rather than minimal quantities of blood. 

The factor of hydration in these casualties warrants consideration. We 
have found no gross clinical evidence of dehydration as judged by decreased 
skin turgor. However, it is known that in many instances there was a limited 
intake of water before injury. Water was purposely denied in abdominal 
wounds. Some of the wounded had not had water for thirty-six hours. Thirst 
was a frequent and a constant complaint. Postoperatively, there was often a 
lag period in urinary excretion of from six to ten hours. It would seem reason- 
able, therefore, to inject from 1,000 to 2,000 ¢.c. of 5 per cent glucose intra- 
venously as soon as the peripheral pressure is restored and rendered stable with 
injections of plasma and blood. This is recommended with the hope that urinary 
excretion will be stimulated as quickly as possible following surgery. 


CASE REPORTS 


CasE 1.—A white adult man was injured by hand grenade fragments before 8:15 P.M., 
June 10, 1944. The patient’s wounds were bandaged and he was evacuated to the field hos- 
pital where he arrived at 8:45 P.M. Superficial examination revealed penetrating wounds of 
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the left side of the chest and the left shoulder with a compound comminuted fracture of the 
middle third of the left humerus. There was a penetrating wound of the abdomen, as well 
as the right knee with a compound comminuted fracture of the patella. In addition, there 
were lacerating wounds of the chin, the right supraorbital and malar areas, the right third 
toe, and the left elbow. The patient was conscious and the admission pressure was 100/80, 
while the pulse rate was 100. He was immediately given two bottles of dry plasma dis- 
solved in 300 ¢.c. of distilled water. Five minutes later the blood pressure was 132/88 with 
a pulse rate of 96. At 10:20 p.M., the first transfusion of 500 ¢.c. of blood was begun. 
Shortly thereafter, the patient was given 1/100 gr. of atropine sulfate. Surgery was per- 
formed at 11:10 P.M. under endotracheal ether oxygen anesthesia. During surgery the fol- 
lowing defects were observed and corrected: Bleeding intercostal second left interspace was 
ligated, foreign body was not found. Clavicular wound was débrided and foreign Lody was 
removed. At exploratory laparotomy 10 cm. of small intestine including perforations were 
resected and an end-to-end anastomoses was performed. Three perforations of the lowermost 
portion of the rectosigmoid were closed and a proximal loop sigmoid colostomy was con- 
structed and exteriorized through a left lower quadrant gridiron incision. Estimated blood 
loss was 500 ¢.c. from the intercostal artery and 500 ¢.c. from the intra-abdominal injuries. 
The lacerations of the right knee, chin, and the orbital areas were then débrided. Surgery 
was completed at 4:10 a.m. During the operation the patient received 500 c.c. of blood and 
1 unit of plasma. The blood pressure at the termination of the operation was 100/75, while 
the pulse rate was 112. Five hours, five minutes following surgery, the radial pulse was 
absent, and the pressure was inaudible. The patient was conscious. The skin was dry and 
pale. One unit of plasma was started immediately. Fifteen minutes later the patient became 
restless and began to shiver. At 9:40 A.M., dried plasma (two bottles), dissolved in distilled 
water (300 c.c.), was started. By 10:10 A.M. the blood pressure had risen to 110/70. After 
this, a 500 cc. transfusion of blood and another 500 c.c. of plasma were given. In the 
afternoon of the same day the patient received 2,000 ¢c.c. of saline glucose mixture. Ten days 
later the patient was comfortable and convalescing satisfactorily. 


Comments.—This patient with extensive trauma arrived at the field hospital without 
previous resuscitation therapy. As a supportive measure, 2 units of plasma and 500 c.c. of 
blood were given preoperatively. During surgery another 500 ¢.c. of blood and 1 unit of 
plasma were found to be adequate to maintain the systolic pressure throughout the operation. 
Following surgery, the patient developed severe peripheral collapse which responded satis- 
factorily to added infusions of plasma and blood. In retrospect, it would have been pref- 
erable to give more blood during the operation. 


CASE 2.—A white adult man was injured by a 25-caliber bullet ‘shortly before 5:00 P.M., 
March 16, 1944. He was given morphine, 144 gr., prior to admission to the field hospital to 
which he was admitted at 5:45 P.M. on the same day. Examination revealed that the bullet 
entered the left upper quadrant and lodged in the subcutaneous tissues of the right lower 
quadrant. The skin was cold and pale. The patient was lethargic and sweating about the 
lips. The radial pulse was imperceptible, and the blood pressure was inaudible. The carotid 
pulse rate was 112. A transfusion of 100 c.c. of serum albumin was immediately started 
which was followed in five minutes with 500 ¢.c. of whole blood. Due to the patient’s severe 
peripheral failure, intranasal oxygen was also started. By 6:05 p.m. the blood pressure had 
risen to 60/40, at which time a second blood transfusion was started. Twenty minutes later 
a third blood transfusion was begun. At 7:50 P.M. the blood pressure and the general appear- 
ance had not improved, so the patient was scheduled for early surgery. Ten minutes later 
the patient was given atropine sulfate, 1/100 gr., and a fourth transfusion of blood was 
started. In spite of the continuous injection of blood, the blood pressure remained unchanged 
until operation. Surgery was performed at 8:30 P.M., March 16, 1944, by one of us (J.M.M.). 
The injuries observed and the surgery performed were as follows: Active bleeding was con- 
trolled from small arteries and a large vein in the mesentery of the transverse colon. Three 
perforations of the jejunum were closed. One perforation of the transverse colon was 
exteriorized. Surgery was completed at 9:30 p.m. During the operation the patient received 
1,000 ¢.c. of blood, 500 c.c. of plasma, and 1,000 c¢.c. of saline dextrose. At the termination 
of the operation the pressure was 70/40 and the radial pulse was 120. The patient was 
taken to the postoperative ward where intranasal oxygen and a Wangensteen suction were 
continued, and an added 2,000 c.c. of saline dextrose injected before midnight. The next 
morning the systolic pressure was 98 mm. Hg, the pulse was feeble with a rate of 140, while 
the respiratory rate was 28. During the day the patient was given 500 c¢.c. of blood, 500 
¢c.c. of plasma, and 3,000 c.c. of saline dextrose. 
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Comment.—The patient arrived in an advanced state of peripheral failure. Since the 
pressure did not respond satisfactorily to 2,000 ¢.c. of blood, surgery was instituted early 
in an effort to eliminate some of the factors which may have been supporting peripheral 
failure, it being understood that resuscitation would continue during and after surgery. This 
patient was evacuated three weeks after surgery in good condition. 


Case 3.—A white adult man was injured by shell fragments shortly before 11:30 A.M., 
Feb. 9, 1944. Treatment received prior to admission to the field hospital included 3 units of 
plasma and 1 ¢.c. of tetanus toxoid. He was admitted at 2:50 p.M., the same day. Exam- 
ination revealed a posterior chest wall wound 6 by 8 inches which was ‘‘sucking.’’ There 
was bilateral paralysis of the lower extremities and a penetrating wound of the left leg. 
The systolic pressure was 70 mm. of Hg. The patient was pale, warm, and restless. He was 
lying on the abdomen and he complained of difficult breathing. The respiratory excursions 
were shallow with a rapid rate of 30. The radial pulse was feeble, the rate was 96. <A 
transfusion of blood was started and injected slowly. By 4:05 p.M. the pressure had risen 
to 122/30, the respirations decreased to 22, but ihe pulse rate rose to 128. The patient still 
complained of difficult breathing, therefore, he was rolled over on his side. At this time 
500 ¢.c. of plasma were started. At 5:25 p.M. the patient began to develop cyanosis; intra- 
nasal oxygen was started. The pressure at this time had dropped to 94/30. Pneumothorax 
was diagnosed, the right pleural cavity was aspirated, and 1,200 ¢.c. of air were recovered. 
Following the aspiration of air, the restlessness diminished, the cyanosis disappeared, and 
breathing became deeper and less painful. A second transfusion of 500 ¢.c. of plasma was 
started after which the pressure maintained a stable level. Surgery was performed at 6:50 
P.M. under intratracheal ether oxygen anesthesia. Surgery performed was as follows: The 
posterior chest wound was débrided. The spine of the eleventh dorsal vertebra had a com- 
pound fracture. A laminectomy of the eleventh dorsal vertebra was performed. More air 
was aspirated from the right pleural cavity. Surgery was terminated at 9:05 P.M. During 
the operation the patient was given 1,000 ¢c.c. of blood. At the end of the operation the 
pressure was 105/45 with a pulse rate of 82 and a respiratory rate of 22. On the following 
day the patient was comfortable. There was an absence of sense perception to the level of 
the umbilicus. The pulse rate was 84 and the respiratory rate was 18. After a period of 
two weeks the patient was evacuated to the rear. 

Comment.—This patient had difficult breathing which became progressively worse with 
the appearance of cyanosis and increased restlessness during resuscitation. Following the 
aspiration of air from the pleural cavity the improvement was rapid and dramatic. 


SUMMARY 


1. The nontransportable casualty is defined. 

2. An arbitrary classification of casualties based on trauma and circulatory 
status is suggested. 

3. Hemorrhage is probably the most significant factor in the casuation of 
peripheral circulatory failure, since the change of appearance of the patient 
and the restoration of the systolic pressure is dramatic in most instances fol- 
lowing the injection of adequate quantities of whole blood. 

4. Other common factors in the production of peripheral circulatory col- 
lapse in the wounded are infection and cardiorespiratory embarrassment. 

5. During resuscitation in the preoperative and surgical phases of treat- 
ment the systolic pressure may drop while blood or plasma is being injected. 
At such times, depending on the degree of drop, the rate of infusion should 
be accelerated. 

6. Individuals verging on circulatory collapse or those whose blood pres- 
sure is restored to the 100 mm. Hg should have an added 500 to 1,000 ee. of 
blood either preoperatively or during surgery before resuscitation is considered 
adequate. 

7. Three eases are reported to illustrate specific points. 
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THE PLURITONEAL ABSORPTION OF PENICILLIN 


LIEUTENANT COLONEL B. G. P. SHAFiRoFr, MEDICAL Corps 
ARMY OF THE UNITED STATES 





KNOWLEDGE of the rate of abserption of penicillin through the normal, 
A noninflammatory peritoneum should be regarded as a necessary pre- 
requisite for the evaluation of this drug in abdominal surgery. In a recent 
study of a small number of patients, Green and Alture-Weber! found that the 
intraperitoneal instillation of penicillin was followed by significant bacteriostatic 
concentrations of the antibiotic in the blood. They therefore concluded that 
penicillin was of prophylactic value against infections of abdominal origin. 







In the present investigation the rate of absorption of penicillin through the 
normal human peritoneum was determined in a series of twenty-two patients sub- 
jected to operation for hernial repair. Penicillin in solution was instilled into 
the peritoneal cavity by rubber catheter through the hernial sae just prior to 
its ligation. In each ease, 100,000 Oxford units of penicillin, dissolved either 
in 100 ¢.c. of plasma or in normal saline solution, were injected. In addition to 
an initial preoperative blood sample, 5 ¢.c. of blood were drawn at intervals of 
one hour for a perfiod of seven hours. The concentration of penicillin in the 
serum was determined quantitatively by the agar cup method of Fleming.? The 
test organism, a penicillin-sensitive Staphylococcus aureus ‘‘H,’’ was seeded 
through the agar plate. Parallel determinations were made frequently by Ram- 
melkampf’s serial dilution method. Also, the patients were observed carefully 
for clinical evidence of penicillin sensitivity or toxicity. 
















Penicillin in plasma or penicillin in saline solution was absorbed readily 
through the peritoneum (Tables I and II). The highest concentration of pen- 
icillin appeared in the first blood sample one hour after instillation of the drug 
in the peritoneal cavity. Its average value was found to be about 1.2 Oxford 
units per cubic centimeter of serum. Thereafter, there was a progressive decline 
in the concentration of penicillin in the blood. In the final samples six or seven 
hours after intraperitoneal injection, penicillin was not estimable quantitatively. 
Clinically, the patients tolerated well the presence of penicillin solution in the 
abdomen. In this series of patients there were no manifestations of sensitivity 
or toxicity. 

The absorption of penicillin into the blood stream from the peritoneum was 
maintained over a period of three to five hours, during which time its coneentra- 
tion in the blood was potentially bacteriostatic. Nevertheless, the rate of ab- 
sorption of penicillin was such as to indicate that the progressively decreasing 
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TABLE I. PENICILLIN IN SALINE 





























I 1 2 3 4 5 6 7 

1 0.0 1.2 1.0 1.0 0.8 0.5 0. 0.0 
2 0.0 2.4 2.0 1.0 0.7 0.6 0.2 0.0 
3 0.0 2.0 2.0 2.0 0.8 0.7 0.4 0.1 
4 0.0 1.0 0.8 0.5 0.5 0.5 0.2 0.0 
5 0.0 2.0 13 1.0 0.8 0.0 0.0 0.0 
6 0.0 2.0 1.0 1.0 0.8 0.0 0.0 0.0 
f 0.0 2.0 2.0 1.0 0.8 0.0 0.0 0.0 
8 0.0 i2 0.8 0.5 0.5 0.5 0.1 0.0 
9 0.0 1.5 1.0 0.4 0.1 0.0 0.0 0.0 
10 0.0 0.4 0.8 0.6 0.3 0.1 0.0 0.0 
11 0.0 i 0.7 0.4 0.2 0.1 0.0 0.0 
Aver- 

age 

value 0.0 i 1.2 0.8 0.5 0.2 0.09 0.01 

TABLE II. PENICILLIN IN PLASMA 
I 1 2 3 4 5 6 7 

1 0.0 1.2 1.0 0.5 0.2 0.1 0.0 0.0 
2 0.0 0.8 0.5 0.2 0.0 0.0 0.0 0.1 
3 0.0 1.4 1.0 0.8 0.5 0.5 0.1 0.1 
4 0.0 1.2 0.9 0.9 0.6 0.4 0.1 0.0 
5 0.0 1.4 1.0 0.7 0.4 0.2 0.0 0.0 
6 0.0 0.8 0.0 0.5 0.2 0.1 0.0 0.0 
7 0.0 1.5 12 0.8 0.7 0.3 0.1 0.0 
8 0.0 0.1 0.1 0.4 0.2 1.0 0.0 0.0 
9 0.0 0.7 0.5 0.3 0.1 0.0 0.0 0.0 
10 0.0 1.2 0.7 0.1 0.0 0.0 0.0 0.0 
11 0.0 0.9 0.7 0.6 0.5 0.5 0.2 0.1 
Aver- 

age 

value 0.0 1.0 0.6 0.5 #3 0.2 0.04 0.02 





residuum of the drug in the peritoneal cavity was effectively locally also. More- 
over, results of these experiments have confirmed Greene and Alture-Weber’s'’ 
elaim that penicillin in the blood via peritoneal absorption was more sustained 
than that obtained by the usual intravenous or intramuscular fractionation 
methods. 

SUMMARY 


The rate of absorption of penicillin through the peritoneum into the blood 
stream was studied in twenty-two normal patients. Penicillin appeared in sig- 
nificant quantities in the blood for a period of about five hours after its instilla- 
tion in the abdomen. 


The author acknowledges gratefully the technical assistance of Sergeant R. Paul. 
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THE MOLDED BONE GRAFT 
Masor ArTHUR J. Barsky, Mepicau Corps, ARMY OF THE UNITED STATES 


HE use of bone as a contour-restoring substance to replace iosses of bone 

has in the past had two drawbacks. The first has been difficulty in carving 
the bone graft to shape; the second has been difficulty in finding a simple 
method of immobilizing the graft. It is the purpose of this paper to describe 
a type of bone graft, namely, the molded bone graft, which overcomes these 
drawbacks, and also to demonstrate that in selected cases this method is the 
one of choice. 

At the outset, I should like to make it clear that it is not my contention 
that the molded bone graft is suitable for any loss of bone. It must be used 
with caution in the region of the frontal sinus because of the possibility of 
infection via a patent frontonasal duct. I have not utilized this type of graft 
for losses of both the inner and outer table of the calvarium, but I can see no 
objection to its use in such cases provided tantalum foil is applied over the 
dura, and provided also that the through-and-through loss is not too great. 
The molded bone graft is not advocated for use in the nose, for here any 
minute irregularity would be too obvious. It is, further, not recommended for 
functional restoration of the mandible, where stress or strain will be placed 
upon the graft. 

Although use of the molded bone graft is not intended to displace use of 
the tantalum plate in extensive defects, in small or moderate-sized defects the 
use of the molded bone graft is certainly simpler, easier, and quicker than the 
use of a tantalum plate, which requires tedious fitting. Furthermore, one is 
not troubled by the presence of serum, which frequently accumulates behind 
the plate. An additional advantage of the molded bone graft over tantalum is 
the fact that eventually the blood circulation grows up through the graft into 
the overlying skin, and the skin itself is, therefore, much more durable and 
less liable to break down than is skin over a tantalum plate. 


In short, the molded bone graft is advocated only as a contour restoration. 
It is admirably suited to building up defects about the forehead, the frontal 
area, the glabellar region, the supraorbital and infraorbital ridges, the malar 
bone, the zygomatic arch, and the chin. 

To date, fifteen grafts have been done by this method, and while in the 
earlier cases the cosmetic effect was not entirely satisfactory, in the later cases 
this technical defect has been surmounted. In none of the cases has there 
been infection or any other complication. The number of eases, the absence of 
complications, the facility with which the procedure may be carried out, the 
simplicity of the technique, and the highly satisfactory cosmetic results, all 
indicate in my opinion that the molded bone graft, in selected cases, is far 
superior to the ordinary bone graft, the cartilage graft, or the derma graft. 

The superiority of the molded bone graft to the ordinary bone graft as a 
contour-restoring substance has already been indicated. In comparing the 
molded bone graft to costal cartilage as replacement for bone loss, one need 
merely point out the shortcomings of the latter material. Cartilage itself is 
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difficult to carve. The diced cartilage graft circumvents this disadvantage, 
but does not produce so solid a result as does the molded bone graft. Ordinary 
costal cartilage grafts have a tendency to curl and warp, and although several 
methods have been deseribed whereby this disadvantage may be controlled, the 
methods are not always successful. It is no more difficult to obtain the bone 
eraft than it is to obtain costal cartilage, and, furthermore, after the bone 
graft has been removed, the patient does not have nearly as much pain in the 
donor site as when cartilage has been taken from the chest. The derma graft 
is subject to infection, does not produce as solid a result as bone, and tends 
to shrink. 

In the final analysis, loss of bone is best replaced by bone, for to replace 
bone by eartilage or derma is certainly no improvement upon nature. 


Fig. 1. Wig. 2. Fig. 3. 


Fig. 1.—Simple plaster study model; this shows a depression of the glabellar region. 


Fig. 2.—The plaster cast with the contour restored. Heavy wax is used for the purpose; 
the wax is stiff enough to resist molding. 


Fig. 3.—The plaster cast with the mold or splint completed. 


PLANNING THE OPERATION 


The operative procedure must be painstakingly planned. Herein lies the 
difference between a highly satisfactory result and a mediocre one. The loss of 
contour should be thoroughly studied. Roentgenograms should always be taken, 
and the patient viewed from all angles. In losses of the forehead, the malar 
region, the glabella, or the supraorbital and infraorbital ridges, if the patient is 
placed prone upon the table and viewed from above and in back, the loss will 
become more evident, especially when the defective side is compared with the 
normalside. Palpation to determine the shape of the base of the defect should 
be carefully carried out. 

If there is a history of osteomyelitis, the repair should not be undertaken 
until at least three months after the condition has been thoroughly and com- 
pletely healed. Healing should be checked preoperatively by x-ray examina- 
tion. The three-month interval is permissible in the event that penicillin is 
available. If it is not, at least six months should elapse. If this type of bone 
graft is attempted as early as three months after the cessation of bone drain- 
age, a course of penicillin should be given prior to operation and thereafter as 
well. It may seem superfluous to point out that no attempt should be made to 
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insert a bone graft through a skin covering that is badly scarred or unstable, 
for to do so will certainly endanger the result. 

A plaster study model should be prepared, and this should include not 
only the area of defect but the normal side as well, and as much of the face 
as possible (see Fig. 1). The restoration should be built up on this plaster cast 
in hard wax or in plaster (see Fig. 2). Plasticine, although it is more readily 
molded than are these other materials, is not suitable because of its soft con- 
sistency, for it will be necessary to form a metal splint over the restoration. 
The cast and restoration should be viewed from many angles, to make certain 
of the proper contour. The wax pattern may be tried on the patient. 

Sheet lead approximately one thirty-second of an inch in thickness is used 
to form the mold or splint. A piece of the proper size is trimmed to approxi- 
mate shape. The mold should extend well beyond the restored area, its periph- 


Fig. 4. Fig. 5. 


Fig. 6. Fig. 7. 


Fig. 4.—Depressed fracture of the glabellar region and root of the nose, the result of an 
airplane crash. Incision made through left eyebrow. 


Fig. 5.—A three-quarter view of the same patient. 
Fig. 6.—Four months postoperative. 
Fig. 7.—Three-quarter view, four months postoperative. 
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ery resting on normal tissue (see Fig. 3). The malleable lead can very easily 
be pressed into shape over the restoration with the fingers; no hammering is 
required. When this has been done, the splint or mold is removed, a felt pad 
a few millimeters in thickness is placed over the restoration, and the lead 
mold once more pressed into shape over the pad. The mold is then put aside 
to be sterilized at the time of operation and due care should be taken not to 
destroy or change its shape. 


Fig. 14. 





Fig. 15. 


Figs. 14 and 15.—Depression in the frontal region of a patient struck by mortar shell. A 
temporary prosthesis is inserted in the right eye socket. 


The wax pattern itself should be studied by the surgeon. It will give a 
good estimate of the amount of bone required to carry out the restoration. 
It is not necessary to reproduce the wax pattern in some sterilizable material, 
for with a little practice one can estimate accurately the amount of bone re- 
quired merely by studying the pattern, 


TECHNIQUE OF OPERATION 


Incision and Exposure.—Although this is not essential, it is wise to expose 
the recipient area prior to obtaining the bone graft. If, for any reason, the area 
becomes contaminated, as might occur if the frontal sinus were perforated, the 
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bone-grafting procedure should not be carried out, for contamination is practi- 
eally equivalent to failure. 

The approach to the recipient area should be carefully planned. If there 
is an old sear present, its excision may serve as an approach. It will be noted 
in certain cases that excision of the scar may result in some flatness of contour 
postoperatively, due to skin loss. In these cases a minor secondary skin plastic 
after the bone graft has taken will improve the appearance. In the forehead 
and glabellar region, incisions made through, or bordering upon, the eyebrow 
will scarcely be noticed when healed. I have not resorted to shaving the eye- 
brows and have had no cause to regret not doing so. However, the eyebrows 
should be carefully covered with sterile dressings during the operation. 


Fig. 16. 





Big. 17. 


Figs. 16 and 17.—-About three months postoperative. 


Undermining of the skin surface should be wide enough to permit the 
graft to be inserted easily and to allow the contour to be built up evenly, but 
it should not be needlessly extensive. In preparing the recipient area, the 
periosteum should be reflected and the bone uncovered. If the bone bleeds 
readily, no further preparation is necessary. However, it is almost always 
necessary to freshen the bone, and this may be done in a variety of ways. 
Freshening with a sharp chisel, drilling superficial holes, or scratching with a 
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small, sharp bone saw will be sufficient to prepare the surface of the bone and 
to produce bleeding. 

When the recipient area has been properly prepared and all bleeding con- 
trolled, it should be packed with moist gauze and firm pressure applied while 
the bone graft is being obtained. 

Obtaining the Bone Graft.—The crest of the ileum is an ideal source for 
the bone. An incision is made over the crest, beginning at the anterior-superior 
spine of the ileum and extending backward along the crest for a distance of 
about three or four inches. The incision is carried down through the perios- 
teum, which is reflected with a sharp separator. 

Using a sharp chisel, a number of thin shavings of dense bone are taken 
off the crest. The shavings should be at least as long as the greatest dimension 
of the wax pattern and shoulu be no more than 2 or 3 mm. in thickness. When 
the spongy bone has been exposed, it may be removed with a chisel or sharp 
curette. My own preference is for a chisel. 

All this material, both dense shavings and cancellous bone, is carefully 
wrapped in moist gauze and set aside. The bone grafts should not be left 
exposed to the air but should be kept in a covered receptacle and always in 
some definite place so that there is no chance of the graft being lost through 
carelessness. 

When sufficient material has been obtained, the donor area is closed in 
the usual manner by the assistant, while the surgeon proceeds with the in- 
sertion of the bone graft. 

Inserting the Bone Graft—Hemostasis should be complete before the graft 
is inserted in the recipient area. The cancellous bone is cut into small pieces 
with a bone-cutting forceps or a heavy pair of scissors. These pieces should 
be a few millimeters in size. They need not be regular, but it is important 
that they be small. A large curette makes a convenient instrument to use as a 
spoon to ladle the spongy grafts into place. The precise amount of cancellous 
bone to be used requires some experience in yauging. As a general rule, if one 
is uncertain as to just how much bone shor.’ e inserted, it is better to use a 
little too much and then press out the exces: applying the lead mold gently 
before suturing the skin. 

When sufficient cancellous bone has been deposited, one is ready to use 
the thin shavings of bone. These should be inserted over the cancellous grafts, 
immediately beneath the surface of the skin, so that they will conceal any 
slight irregularities that might result if the small pieces were left in direct 
contact with the skin. It will be necessary to trim these shavings to the proper 
size and shape, and this can easily be done with a heavy pair of scissors or a 
bone cutter. 

The recipient area is then ready to be closed and for skin sutures what- 
ever material one prefers may be used. 

The molded splint is applied after closure is complete. Experience has 
shown that a thin layer of stent, or dental modeling compound, placed beneath 
the lead plate acts as a cushion and will prevent the metal from cutting into 
the skin at the edges. Moreover, the skin seems to tolerate the stent better 
than it does the naked metal. The stent is sterilized by boiling for at least 
twenty minutes. It is rolled out into a thin sheet, using the piston of a 30 e.e. 
glass hypodermic syringe on the softened stent, in much the same fashion as a 
housewife uses a rolling pin to roll out a mass of dough. The sheet of stent 
should be no more than a few millimeters in thickness. When the thin sheet 
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has been obtained, it is placed on the undersurface of the metal splint, trimmed 
to shape, and applied to the operative area while the stent is still soft but not 
hot enough to damage the skin. Before applying pressure bandage over the 
splint, it is well to make a final inspection of the operative area to be certain 
that it has been molded properly. 

The pressure bandage should be carefully and evenly applied, but must 
not be tight enough to damage the skin. In suitable areas, bias-cut muslin 
bandage is excellent. Elastic adhesive tape is another good material for a 
pressure bandage. 

POSTOPERATIVE CARE 


The mold should remain in place for approximately four or five days. If 
suture marks are feared, sutures may be removed earlier and the mold replaced. 
In average cases, immobilization for from seven to ten days appears to be quite 
sufficient. In some instances, five or six days have been adequate. Areas like 
the chin, where there is considerable movement of the soft tissues, should be 
immobilized for a longer period (an additional week or so). 

No postoperative complications have occurred in my series of cases. The 
earliest graft was done in 1942, and there has been no change in contour. The 
graft consolidates well, and after a period of about one month is firmly united 
in place. But no immobilization is required beyond the brief period outlined. 
I have had occasion in one ease to excise the scar three months after the bone 
eraft had been inserted. At the same time I smoothed down a slight fullness 
of contour. The bone bled freely and was certainly viable. 


SUMMARY AND CONCLUSIONS 


A new and simplified technique for bone grafting has been described. The 
indications for its use and the limitations have been pointed out. This type of 
graft is advocated as a contour restoration and not for functional purposes. 
This bone graft utilizes many minute pieces of cancellous bone covered with thin 
shavings of cortical bone, which are pressed into shape and immobilized by a 
mold which is prepared before operation. The simplicity of the procedure and 
the highly satisfactory cosmetic results obtained indicate that this type of graft 
has a definite and useful place in the armamentarium of the plastic surgeon. 
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NYLON BONE SUTURE 


M. JoHN Rowe, M.D., Lona Breacu, Ca.ir. 
(From the Tichenor Orthopedic Clinic) 


SUTURE for bone is often needed when rigid fixation is impossible or 

undesirable. Such a suture must be strong, somewhat elastic, and not 
absorbable since osseous structures are slow in healing. Fascial or tendon 
sutures have been used successfully although the technique of introduction is, 
at times, difficult and an additional incision for the donor material is required. 

Nylon is a strong, inert, semielastic nonorganic, radiolucent suture ma- 
terial which is well tolerated, both for cutaneous and buried sutures. When 
left in position it seems to offer advantage in certain instances over other 
known suture material, including wire. Nylon bone suture has been found to 
be very satisfactory for several different applications. 

Many methods have been recommended for the treatment of acromio- 
elavicular separations. Mumford! has advised resection of the end of the 
clavicle for cosmetic improvement and this procedure, associated with repair 
of the coracoclavicular ligament, has proved very simple and _ satisfactory. 
Through the small incision necessary to resect the clavicle a ligature carrier is 
passed around the coracoid process and four strands of heavy nylon are then 
passed from the clavicle about the coracoid. Function can be instituted almost 
immediately, thus preventing the secondary limitation of shoulder motion which 
often follows surgical procedures about the shoulder. 

The treatment of hallux valgus and bunions is often difficult and, as 
pointed out by Lapidus,” a primary cause of recurring deformity is often per- 
sistent metatarsus primus varus. A satisfactory treatment for the bunion 
itself is a Mayo bunionectomy with arthroplasty. If the varus of the first 
metatarsal is then corrected, very little evident shortening of the extremity 
appears. The passage of a doubled nylon suture about the second and first 
metatarsals to maintain approximation at the distal end affords a rapid simple 
method of overcoming the varus and allowing early functional exercises in the 
postoperative period. 

Heavy nylon sutures are efficient and well tolerated in the repair of frac- 
tured patellae. This is particularly true of the technique in which the distal 
comminuted fragments are excised and the patellar tendon is sutured to the 
proximal patellar fragment after repair of the lateral capsular tears. Care 
must be used to bury the knot in the tendon substance to prevent later palpable 
nodules in the thin subcutaneous tissue overlying the patella. With this tech- 
nique, active exercise is begun three weeks after operation since the tendon 
heals in this time and no additional delay is necessary for bone healing. 

At times, it is desirable to maintain multiple fragments of cancellous bone 
in position from the time of conclusion of the operation to the time of com- 
pletion of the cast. It may insure better position of the foot to insert intertarsal 
sutures in the common simple triple arthrodesis to maintain position until 
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application of the cast and it is often helpful to use such intertarsal sutures 
in major reconstruction of the foot to maintain the desired position until ex- 
ternal fixation is applied. 

Long bone fractures may be held in approximation by heavy nylon suture 
if plate or other internal fixation does not seem indicated. This is true in the 
occasional forearm fracture of children, which requires open reduction to allow 
perfect function. Also in comminuted fractures of the femur or humerus in 
adults when the large central fragment cannot be maintained satisfactorily, 
particularly in compounds, a single nylon suture at either end of the fragment 
will maintain apposition until traction or cast is applied. 


Fig. 1.—Acromioclavicular dislocation, chronic. X-ray pictures were taken before and after 
resection of the end of the clavicle and nylon bone suture, clavicle to coracoid. 


If nylon is used, it must be fresh, strong, and resilient. Some preparations 
become brittle with age and are unsatisfactory. Sealed ampules, which are 
broken at the time of surgery, have been found most satisfactory for this work. 
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Fig. 2.—Hallux valgus with metatarsus primus varus, bilateral. X-ray pictures were 
taken before and after operative correction by Mayo bunionectomy and orthroplasty. Posi- 
tion of the left first metatarsal was maintained by nylon bone suture about the first and 
— metatarsals. The right first metatarsal without suture presents some persistent varus 
eformity. — 
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TARSAL BONE 
SUTURE 






NAVICULAR 


Fig. 3.—Diagrammatic representation of intertarsal suture following triple arthrodesis. 





Fig. 4.—Compound fracture of the left femur in young woman seven months pregnant. 
X-ray pictures were taken before and after débridement with nylon bone suture to maintain 
apposition of middle loose fragment. External skeletal splint was applied which was not 
satisfactory and Hodgen suspension traction was later applied with continued bone approxi- 
mation during and after delivery. 
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SUMMARY 
Bone sutures of strong resilient nylon are practical and desirable in certain 
instances. Techniques of repair of acromioclavicular separations, metatarsus 
primus varus, fractured patellae, intertarsal sutures following reconstruction 
operation, and maintenance of position of loose compound long bone fragments 
have been presented. 
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HERNIATION OF NUCLEUS PULPOSUS; REFINEMENT IN 
OPERATIVE TECHNIQUE 


MaJor Ropsert C. L. ROBERTSON AND CAPTAIN WILLIAM G, PEACHER 
MepicaL Corps, ARMY OF THE UNITED STATES 

INTRODUCTION ’ 
E HAVE recently called attention to certain technical considerations in 
the surgical management of lumbar herniated nucleus pulposus that we 
feel have done much to minimize numerous postoperative residuals.” The evolu- 
tion of treatment for this condition has been directed mainly toward simplifica- 
tion of the operative technique. Originally, laminectomy with transdural re- 
moval of the dise was employed. Later, hemilaminectomy, then partial hemilami- 
nectomy, was performed with an extradural approach to the interspace. ,Ad- 
vanecement continued so that many nuerosurgeons now prefer a unilateral, in- 


terlaminar, extradural exploration,’ without removal of bone and with curettage « 


of the dise space. Section of the sensory root to control postoperative pain is 
no longer practiced. 

Some observers have stressed the importance of hypertrophy of the liga- 
mentum flavum in production of nerve root pressure with or without an 
associated disc. This has been contrary to our experience as will be indicated. 

Although the importance of an unstable joint in the production of symp- 
toms has been recognized, fusions have rarely been performed on our service 
beeause they necessitate prolonged additional hospitalization. This plan has 
not materially altered our end results. Only 5 eases in 261 (1.9 per cent) have, 
to our knowledge, required fusion, either at the time of dise removal or at a 
later date. 

A number of our patients have continued to complain postoperatively of 
severe low back pain with sciatic radiation which we could not entirely explain 
on the basis of incomplete removal, recurrent or multiple discs, unstable joints, 
irreversible changes in the nerve root due to. previous pressure or operative 
trauma, or associated pathology, such as tumor, arachnoiditis, ete. Twelve of 
this group, ten of whom were from our earlier series, were re-explored in an 
effort to explain the continued symptomatology at varying intervals from one 
to thirteen months, following the primary operation. All showed dense adhesions 
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extending from the paraspinal muscles and margins of the previously resected 
ligamentum flavum to the dura and adjacent nerve root with definite con- 
striction of the latter. Four also showed a second dise which contributed to the 
residual discomfort, but three were on the opposite side of sear formation. In 
these men there had been bilateral sciatica. One case showed a true recurrence. 
Our present operative technique has been directed toward the prevention of the 
postoperative reaction described. This has been accomplished satisfactorily 
by the following method. 
TECHNIQUE 


The operation has been performed in all cases with the patient placed in the 
prone position. A small midline incision is made extending between the spinous 
process at the site of the lesion and the one immediately below. A unilateral ex- 
posure of the ligamentum flavum in the affected interspace and the lamina above 
and below this level is then accomplished. Bilateral exploration is used only if 
the symptoms, signs, and spinogram indicate its necessity. Gauze sponges may 
be packed in the superior and inferior angles of the wound. This controls muscle 
bleeding and facilitates exposure. The table is then broken to flex the joints of 
the spine and further simplify the approach. Very rarely is it necessary to 
sacrifice any bone from the laminar margins. Sufficient bone may, in such 
instances, be removed with a curette or Kerrison mastoid punch. 

The usual technique at this point has been altered to insure preservation 
of the ligamentum flavum. This is done by incising, carefully, through the liga- 
mentum along its line of fusion with the interspinous ligament close to the mid- 
line. Then with a No. 2 curette, it is gradually dissected free from the adjacent 
superior and inferior laminar margins. The lateral attachment is preserved 
(Figs. 1b and 2c). For illustrative purposes, the nerve root is shown displaced 
laterally by the dise, whereas actually, medial dislocation is more commonly 
seen. The ligamentum flavum has thus been preserved and is retracted during 
the operation, preferably by a silk suture attaching it to the adjacent paraspinal 
muscles. 

The dura and nerve root are then carefully retracted medially. If the nerve 
root is displaced laterally by the lesion it can usually be moved over the herniated 
nucleus pulposus to a medial position. Rarely is it necessary to attack the lesion 
through the angle formed by the nerve root and dura, an:inconvenient and some- 
what dangerous operative tract. Small squares of cottonoid may then be placed 
in the interval between the dura and lateral wall of the canal to control bleeding 
and assist the medial displacement of dura and nerve root. (Each square of cot- 
tonoid has a silk suture attached to prevent retention in the spinal canal.) 

Rupture of the intervertebral dise is often seen with free extradural ex- 
trusions. In such eases, the fragments can be removed with the forceps or any 
suitable instrument. Occasionally (Fig. 1a), it is necessary to incise the annulus 
fibrosus and posterior longitudinal ligament. The contents of the dise are then 
removed by means of the pituitary rongeur (Fig. 2d). The dise space is thor- 
oughly but cautiously curetted. The ligamentum flavum is then easily replaced 
(Fig. 2e) at the conclusion of the intraspinal portion of the procedure after the 
patient has been extended to the horizontal position. A suture may rarely be 
necessary to restore complete anatomic continuity. 

The alternate method previously deseribed is now being reserved only for 
those eases in which the ligament cannot be preserved for technical reasons or in 
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secondary procedures on patients operated on elsewhere in which the ligament 
had been sacrificed. In this procedure, the ligament is completely removed. 
Routine dise removal is accomplished as previously described. After hemostasis 
is secured, a small section of tantalum foil is fashioned slightly larger than the 
exposed interspace. It is then inserted beneath the interlaminar margins into 
the area previously occupied by the ligament. A small dental periosteal elevator 
will do much to facilitate this part of the procedure. 

Preserving the ligamentum flavum appears to be the more physiologic 
method as further demonstrated by re-exploration in two men in whom each 
alternate procedure had been performed. 














Fig. 1.—a, Protrusion of nucleus pulposus causing nerve root pressure. 0b, Retraction of liga- 
mentum flavum laterally. 


In one case tantalum foil had been used and scar tissue was found between 
the muscles, dura, and nerve root. The foil was found superficial to the laminae 
rather than between the dura and bone as is necessary to prevent the formation 
of adhesions about the nerve root. 

Lumbar 4 and 5 interspaces were explored in another case and only the 
lumbosacral dise was curetted. The higher dise was judged to be borderline so 
it was spared, in spite of a small lesion evident on pantopaque myelogram. The 
ligamentum flavum was preserved in both interspaces. The patient received no 
relief, so that six weeks later Lumbar 4 dise was found to present a midline 
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protrusion and was curetted. The ligamentum flavum was reflected from both 
interlaminar spaces previously explored. The incised borders of the ligamentum 
flavum in both instances had reunited solidly with the laminar margins and the 
interspinous ligament medially and required removal in the same manner as 
originally. The underlying dura and epidural fat were normally smooth and 
glistening. There were some adhesions about the nerve root in the lower interspace 
where the dise had been removed at first operation. These were found between 
the nerve root, dura, and epidural tissues in the anterolateral angle of the spinal 




















DeMaio 
gg 


Fig. 2.—c, Retraction of nerve root medially showing subjacent disc herniation. d, Re- 
moval of disc fragments with a pituitary rongeur. e, Replacement of ligamentum flavum 
following disc removal. 


canal. The nerve root in the upper interspace was free of any recognizable 
adhesions although Lumbar 4 dise had been explored but not curetted at former 
operation. Preserving the ligamentum flavum thus prevented the formation of 
sear tissue between the contents of the spinal canal and the paraspinal muscles. 
It cannot be expected to modify adhesions between the nerve root and adjacent 
structures within the canal. Adequate hemostasis, careful handling, and atrau- 
matic retraction of the nerve root during operation should reduce the incidence 
of this type of reaction, 
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RESULTS 


From June 8, 1942, until May 1, 1945, we operated upon 261 patients for 
herniated nucleus pulposus. Pantopaque myelography was used in all cases to 
confirm the diagnosis and a lesion was verified in 257, of these patients, 84.2 
per cent have returned to a useful form of military duty, usually two to three 
months following operation. 

There were seventy-three cases prior to our change in operative technique 
in July, 1943, and 76 per cent of the men in this group returned to duty. Since 
this time there have been 188 cases and 97.8 per cent of these men have been 
discharged to limited or general military duty. The ligamentum flavum was 
preserved in 151 and tantalum foil substituted for it in 37 prior to our restriction 
in technique to the former method. 

We do not claim that this technique solves the dise problem, but certainly 
since its introduction the patients have made better progress, although it is 
appreciated that to date we have had no opportunity to follow our cases over long 
periods of time for obvious reasons. 
















ed 
< “ 


SUMMARY 





We have described a: variation in the present operative technique for 
herniated nucleus pulposus which.has given fewer postoperative sequelae and 
improved results in our experience. This consists of preservation of the liga- 
mentum flavum with replacement at the conclusion of the procedure. Our pur- 
pose has been to prevent the formation of adhesions extending from the para- 
spinal muscles and resected ligamentary edges to the dura and adjoining nerve 
root, which through traction on these structures when the spine undergoes move- 
ment not infrequently produces pain as a residual of operations for removal 
of herniation of the nucleus pulposus. 
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UMORS of the lymph vessels belong to the rarest of neoplasms. Clinically, 
when they occur they are usually associated with a distinct entity, as, for 
instance, macroglossia, macrocheilia, lymphangioma cysticum of the neck, or 
hygroma cysticum colli. 

Lymphatic tumors may occur in the rich lymphatic supply of the mesentery 
where they are known as mesenteric lymphangiomas. These are classified into 
the same groups as are lymphangiomas in general: 
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Lymphangioma simplex, which is a single network of dilated lymph 
e So b DS © 


vessels and spaces. 
Lymphangioma cystoides, which consists of multiple isolated cysts 
which have lost their connection with the lymphatics. 

. Lymphangioma cavernosum, which consists of numerous communi- 
cating cavities which are separated by thin septa. 

In the mesentery, lymphangioma cavernosum is the least common of the 
lymphatic tumors. Nevertheless, it exhibits a distinctive pathologie picture. In 
1875, Weichselbaum!' described such a case and because of its origin and inten- 
sive involvement of the lacteals he termed it a chylangioma cavernosum. Since 
then four additional cases have been described. The following is a case report 
of the sixth known ease. 


Fig. 1.—Gross specimen. The cystic tumor involves the entire width of the mesentery and 
projects into the lumen of the bowel. 


CASE REPORT 


Clinical History.—A 20-year-old white man had a sore throat for several days. Two 
days prior to admission to the hospital he noted abdominal pain in the region of the um- 
bilicus. Later he had diarrhea, nausea, and vomiting. In the afternoon preceding admission 
the pain subsided somewhat but localized in the right lower quadrant of the abdomen. 

On examination the patient appeared acutely ill. The abdomen was moderately dis- 
tended and tender with rigidity over McBurney’s point. The temperature was 39.5° C., 
respiration 22, pulse 100. The urine showed 1 plus albumin. The white blood count was 
35,000 with 95 per cent polymorphonuclear cells of which 19 per cent were stab cells. At 
operation some brownish-red fluid was present within the abdominal cavity and the peritoneal 
surfaces were brownish red in color. About two feet proximal to the ileocecal valve a mass 
was found in the mesentery of the ileum. After the surrounding adhesions were removed it 
was found that the portion of the bowel proximal to the mass was dilated and the distal 
portion collapsed. The mass had encroached upon and completely compressed the lumen of 
about one and one-half feet of bowel. After resection of the loop of bowel and attached 
mesentery with the tumor, a side-to-side anastomosis was performed and an ileostomy tube 
inserted. Sulfanilamide powder was dusted into the abdominal cavity. In spite of supportive 
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treatment the patient developed jaundice and two days subsequent to surgery died of ileus 
and peritonitis. 

Pathologic Report.——On gross examination (Fig. 1) the specimen was found to consist 
of a loop of bowel measuring 45 cm. and the entire attached mesentery. Spreading in a 
fan-shaped fashion, with the angle toward the root of the mesentery, there was a large 
tumor, measuring 12 by 10 cm. between the leaves of the indurated mesentery. Bulging over 
the surface, numerous oval and round-shaped, bluish and brownish cysts projected. These 
were smaller near the radix mesenterii but within the fatty tissues the lymph nodes were en- 
larged. The entire serosa was covered with fibrin, and was dull, with areas of focal hemor- 
rhage. As the lumen of the bowel was opened it was found to be partially filled with a soft 
fecal material and mucus. A cluster of small clear cysts, the largest of which measured 8 
mm. in circumference, projected from the mucosa into the lumen over an area of about 4 em. 
When these cysts were sectioned, it was found that they were multiple, intercommunicating, 
varying in size from several millimeters up to 3 em., containing either a milky or a curdlike 
fluid, clotted blood, or a mixture of these. Smears taken from the contents of the cysts 
showed streptococci, pus cells, and red cells. 


Fig. 2.—Microscopic specimen, section through mucosa. Numerous, irregularly shaped inter- 
communicating spaces, filled with chyle, comprise the tumor. 


Microscopically (Fig. 2) the lacteals of the villi showed varying degrees of dilatation 
forming rounded and irregular cystic spaces. These were separated by thin septa, were 
lined with a flattened single layered epithelium, and contained a precipitated pinkish material. 
In the submucosa these spaces were enlarged and were anastomosing. Similarly, some of these 
spaces could also be found within the muscularis and serosa. The larger spaces were, for 
the most part, filled with hemolyzed blood or coilections of polymorphonuclear cells. The 
stroma in the mesentery was comprised entirely of fatty tissue and connective tissue in which 
an occasional histiocyte, polymorphonuclear cell, or collections of lymphocytes were seen. 
A germinal follicle within the submucosa showed numerous small spaces and slits between 
the lymphocytes. Sections from the root of the mesentery merely showed occasional dilated 
lymph channels and considerable collections of polymorphonuclear cells. 


At autopsy, not much was added to the known facts. In the vicinity of the surgical 
procedure there was a localized peritonitis. Remnants of sulfanilamide powder were still 
present within the abdominal cavity. The loops of bowel proximal to the surgical site were 
markedly distended and filled with a fluid fecal material. The distal portion was collapsed. 
The surgical anastomosis was intact and the ileostomy stoma was adequate. The diaphragm 
on both sides was elevated causing basilar atelectasis of the lungs. In addition, the lungs 
were congested and edematous. The liver was considerably enlarged and showed extreme 
parenchymatous degeneration. The spleen and kidneys showed changes associated with an 
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acute inflammatory process. Except for the lymphatic hyperplasia of the Peyer’s patches, 
the gastrointestinal tract was essentially normal. Microscopic examination of the tissues 
revealed nothing of significance. 


REVIEW OF PREVIOUSLY REPORTED CASES 


Five strikingly similar cases have been previously described. These are 
listed briefly here and it will be seen how closely they resemble each other. 


1. Case of Weichselbawm.1—As an incidental finding in the autopsy of an 80-year-old 
man who died of pneumonia and scurvy, a 3 to 4 em. sized tumor was found in the fatty 
portion of the mesentery. This tumor consisted of numerous anastomosing cavities of varying 
size which contained a milky fluid. The smaller spaces were lined by a flat endothelium. 
Connective tissue was abundant. In the fatty tissue, collections of round cells could be seen 
between which spaces were formed resembling fine lymph channels. These communicated 
with the larger cavities. Because, chemically, the milky fluid proved to be chyle, this tumor 
was called a chylangioma. 


2. Case of Kruse.2—Also as an incidental finding at the autopsy of a 75-year-old man, 
multiple small lymphangiomas were found in the wall of the jejunum. Grossly and micro- 
scopically, these resembled the previously described case. 

3. Case of Vautrin.2—A 30-year-old woman, suffering from rheumatic fever, noted a 
tumor mass in the abdomen which had been gradually enlarging over a period of one year. 
Shortly before admission she complained of diarrhea and coliclike pains. At laparotomy a 
tumor was found to be located in the mesentery of the jejunum, adherent to the surrounding 
loops of bowel, measuring 6 to 7 em. in size, fan-shaped, with the angle toward the spinal 
column. Fifty centimeters of bowel were resected with the tumor. Grossly it consisted 
largely of fatty tissue with numerous anastomosing cavities. Many multilocular cysts also 
bulged into the lumen of the bowel so that the wall of the bowel as well as the mesentery 
was involved. 

4, Case of Takano and Hauser.sA—A 22-year-old pregnant woman presented herself with 
a mass in the right side of the abdomen of one year’s duration. She had no complaints 
other than of a stomach-ache of four days’ duration. A: laparotomy the tumor was found 
to be the size of a man’s head, located within the mesen.zry of the small intestine. Grossly 
the tumor measured 1414 em. and the loop of bowel removed, 35 em. The entire mesentery 
was occupied by the tumor. Numerous cavities containing a milky fluid in a network of con- 
nective and fatty tissue made up the tumor. The mucosa of the bowel was swollen and 
numerous cysts bulged into the lumen. Microscopically, the cavities were lined with flat- 
tened endothelium and communicated with each other. Muscle fibers could also be found 
within the connective tissue. Within the mucosa the lymph spaces were enormously dilated. 
The lymph nodes within the mesentery showed spaces which connected with the larger dilated 
cavities. 

5. Case of Puppel and Morris.,—An anemic 55-year-old woman complained of weakness 
and bloody stools. At laparotomy a mass was found in a loop of jejunum. Grossly the 
tumor measured 6 cm. and the jejunum removed measured 25 cm. Within the mucosa, a 
large fungating mass made up of numerous small nodules was found to project 1144 em. above 
the wall. The serosal surfaces showed numerous similar nodules. Microscopically, these 
nodules were comprised of cystic spaces lined with endothelium. They contained pinkish- 
staining material. The spaces extended up into the epithelial cells lining the mucosa. 


SUMMARY OF REPORTED CASES 


These tumors may occur in either sex, and to date have been found only in 
adult individuals within the mesentery of the small intestine. They may reach 
considerable size before symptoms are manifested. Obstruction, infection, or 
bleeding is the pathologic basis for clinical symptoms. These may be indefinite, 
consisting of swelling, pain, or blood in the stools. At laparotomy a tumor is 
found within the mesentery of the small intestine which can be of any size but 
may occupy the entire width of the mesentery and extend into the mucosa of the 
bowel. The cysts contain chyle and communicate with each other. Occasionally 
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they may contain blood, either because the tumor may include blood vessels or 
because the tumor may rupture those blood vessels already present. In case 
of infection, as in our ease, blood and pus may fill the lumen of some of the 
eysts. At surgery, resection of the tumor and the adjacent loop of bowel is 
usually performed. 

PATHOGENESIS 


Lymphangiomas may occur as a result of two causes, obstructive or neo- 
plastic. Obstruction may cause a congestive ectasia. Although on first con- 
sideration it would seem that most angiomas are on this basis, apparently it is 
an uncommon cause. Most of these tumors are apparently neoplastic. Two 
sources exist from which the tumor may arise. In the rarer form, homoplastic 
neoplasia, proliferations of lymphendothelium occurs forming spaces which com- 
municate with the pre-existing lymph vessels. The more common form, hetero- 
plastic neoplasia, develops from a connective tissue matrix. Weichselbaum' and 
Takano and Hauser,‘ after considering all the possibilities, judged their tumors 
to be of this latter type. They believed that within the fatty tissue around the 
blood vessels, islands of lymphoeytie infiltrations occur. Between these cells 
spaces develop which communicate with pre-existing and newly formed lym- 
phaties. Subsequently, the round-cell infiltrations are converted and build the 
fibrous portion of the tumor. 


DISCUSSION 


Chylangioma cavernosum mesenterii is a benign tumor which occurs in the 
mesentery of the small bowel. Depending upon size and position, symptoms of 


a tumor or bowel obstruction may present themselves. Erosion and bleeding are 
other possible complications. In the cases of Vautrin® and of Takano and 
Hauser,* a tumor mass was evident clinically and symptoms of chronic bowel 
obstruction occurred. In the case of Puppel and Morris,’ the anemia, due to 
the bleeding into the lumen of the bowel from the tumor, was the cause of 
clinical symptoms. In our case a superimposed infection, presumably follow- 
iug a sore throat, was the cause of initiation of symptoms. The secondary 
infection caused the increased size of the tumor which then caused the obstruc- 
tive ileus. Apparently then, clinical symptoms are absent unless either infection, 
obstruction, or hemorrhage occurs. 

Pathologically, the case we are reporting is identical to those previously 
described. Except in the case of Weichselbaum,' all of the tumors included 
the mucosa of the intestinal wall. Grossly and microscopically they are all 
similar. The origin of lymphangiomas is still obscure. It is impossible to add 
much to the previously mentioned concepts of the development of these tumors. 
Sections in our case were taken from the mesentery but the lymph node involve- 
ment mentioned by Weichselbaum’ and Takano and Hauser* was not found, 
largely due to the extensive encroachment of the tumors upon these nodes. How- 
ever, the lymph follicle found within the submucosa showed the slits mentioned 
by these authors. In this case, it would seem that the lymph follicles were 
secondarily involved and that the widening of the channels was part of the 
dilatation that occurred within all of the lymphatics. The exact derivation of 
this tumor is, therefore, still questionable. No obstruction was found at the 
root of the mesentery which might conceivably cause a congestive dilatation of 
the lymph vessels. The infection was too acute to be a causative mechanism. 
It was entirely secondary and superimposed on the pre-existing tumor. 
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SUMMARY 


1. Five cases of chylangioma cavernosum mesenterii are reviewed and an 
additional case is presented. 


‘ 


2. These are benign tumors occurring in the vicinity of the small bowel 
and originating from the lymphatic tissue. 


3. Although often silent, they may cause symptoms of obstruction or 
hemorrhage, or be the site of secondary infection. 


REFERENCES 


. Weichselbaum, A.: Eine seltene Geschwulstform des Mesenteriums, Virchow’s Arch. f. 
path. Anat. 64: 145, 1875. 

2. Kruse, A.: Ueber Chylangioma Cavernosum, Virchow’s Arch. f. path. Anat. 125: 488, 1891. 

. Vautrin: Du Lymph Caver du Mesent, Congrés francais de chirur, 1898, quoted by Takano 
and Hauser. 

. Takano and Hauser: Lymphangioma Cavernosum des Mesenteriums, Beitr. z. path. Anat. 
u. z. allg. Path. 53: 105, 1912. 

. Puppel, I. D., and Morris, L. E., Jr.: | Lymphangioma of the Jejunum, Arch. Path. 38: 
410, 1944. 





A METHOD OF RETAINING AN INTRAVENOUS NEEDLE IN SITU 
Epwin Srvaiko, M.D., Cuicaco, IL. 


ODAY intravenous therapy is a daily part of many surgical and medical 

treatments. It is featured in the treatment of shock, in the prevention of 
shock, and in the administration of many medications, elements of nutrition, 
and anesthetic agents. 

There are many techniques used in attempting to fix intravenous needles 
in situ. The difficulties met in keeping the needle in place are due to the varied 
topography and musculature of the arm or leg used, the various positions in 
which the member must be held, and the varying depths and directions of the 
veins themselves. The needle should be held in the vein at the angle and in the 
direction conducive to fastest flow. 

The method described here requires only adhesive tape as the immobilizing 
agent. The operator may employ his usual needles and technique of vene- 
puncture. Though it is no panacea, it has been found to be simple, effective, and 
reliable in most instances. The technique is as follows: 

1. The needle is inserted into the vein in the operator’s usual manner and 
it is then held by the hub with the left hand (Fig. 1) at the angle and in the 
direction giving the greatest rate of flow as seen by the drip apparatus. 

2. A piece of adhesive (Fig. 1), previously cut, two inches long and one 
ineh wide is then applied at right angles to the shaft of the needle, one inch of 
the length being on either side of the shaft and one-half of the width of the tape 
overlapping the needle shaft, the remainder of the width applied to the adjacent 
skin as a light anchorage. 

3. With this anchorage in place and the needle still held by the thumb and 
forefinger of the left hand at its hub, a wider ard 'onger strip of adhesive ap- 
proximately two by four inches is allowed to drape loosely (Fig. 2) over the 
tubing adjacent to the hub. This tape is applied so that its length is bisected 
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Fig. 1.—The needle has been introduced into the vein; its shaft is secured to the skin by 


adhesive tape. 
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Fig. 2.—With the left hand holding the hub of the needle, the first piece of adhesive has been 
applied between the tubing and the skin. 
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Fig. 3.—The intravenous needle is now immobilized well; 1, 2, and 3 show the Several -layers 
of adhesive used to add rigidity and immobility. 
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by the tubing. The tape is then molded around the tubing and its adhesive 
surfaces between the tubing and skin are stuck firmly together. The two free 
ends of the tape are then applied to the skin, each on its respective side, allowing 
them to take whatever direction they will to conform to the topography and con- 
tour of the arm. 

4. As a final touch and to add rigidity and firmness, layer upon layer 
(Fig. 3) of adhesive may be applied until the desired immobilization and 
stability are attained. The tubing distally may be secured to the arm by a 
single piece of adhesive in the usual manner. 


CONCLUSION 


1. A method of retaining an intravenous needle in its optimum position of 
‘unetion is described. 

2. This method is applicable to any technique of venepuncture and uses 
only adhesive tape in its performance. 


3. With this method the needle-tubing connection is not concealed and 
the two may he uncoupled and reconnected expediently and quickly. 
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Arterial Hypertension. Its Diagnosis and Treatment. By Irvine H. Page, M.D., and 
Arthur Curtis Corcoran, M.D., Cleveland Clinic Foundation. Ed. 1. Pp. 343. Chicago, 
1945, The Year Book Publishers, Inc. $3.75. 


The authors have succeeded in presenting a well-rounded review of a large and im- 
portant subject. One of the commendable features of this book is the sound, common sense 
attitude expressed on the aspects of the problem which still remain controversial. The sec- 
tion on electrocardiography contains one error (p. 147, the standard leads) and is not very 
clear in its differentiation between the pattern of left ventricular strain and anterior 
myocardial infarction. The sections of the book on therapy are particularly worth while. 





Minor Surgery. By various authors, edited by Humphry Rolleston and Alan Moncrieff. Ed. 
1. Pp. 174, with 30 illustrations. New York, 1944, Philosophical Library, Ine. $5.00. 


This small book is in the nature of a handbook and guide for the general practitioner 
who does only minor surgery. Procedures of greater moment are specifically omitted and 
relegated to the surgeon. The book suffers from three faults, absence of enough good il- 
lustrations, inadequate references to the literature, and a somewhat spotty choice of sub- 
jects for discussion. 

Despite these shortcomings of this volume, it contains a wealth of sound information 
in concise and readable form. Such items as management of lacerations, hand infections, 
greenstick fractures, sprains, ete., are well discussed. It is a welcome addition to the 
library of the general practitioner. 





Vascular Responses in the Extremities of Man in Health and Disease. By David I. Abram- 
son, M.D., The University of Chicago. Pp. 412, with 59 illustrations. Chicago, 1944, 
University of Chicago Press. $5.00. 


Abramson has compressed into 300 odd pages a wealth of information ranging from 
the elementary anatomic and physiologic characteristics of the vascular system of the tests 
of function available, and the alterations produced by the various disease entities to which 
the peripheral vascular tree is subject. This is a complete and scholarly presentation. It 
is well edited and indexed. The general practitioner, as well as the neuro- or vascular 
surgeon, can find in it either precisely what he wants to know, or references to the litera- 
ture where he can find what he seeks. Measures of therapy of certain peripheral vascular 
conditions may also be found in this volume. 

This is a precise, readable, up-to-date, and almost complete review of the subject. 
It should be an essential part of the education of anyone interested in vascular diseases. 





Textbook of Surgical Treatment Including Operative Surgery. By C. F. W. Lllingworth, 
M.D., Ch.M., Regius Professor of Surgery, University of Glasgow. Ed. 2. Pp. 564, 
with 230 illustrations. Baltimore, 1944, Williams & Wilkins Company. 


This book endeavors to cover the field of surgical therapy in 557 pages. Necessarily, 
it is incomplete. Many subjects are mentioned only to be dismissed in a few words. 

In general, the impression is left that oversimplification has been attempted. For 
instance, there is no word on the diagnosis of thrombophlebitis, and the treatment is very 
briefly outlined as continuous infusion of heparin by vein and immobilization of the ex- 
tremity. There is no mention of the precautions to be taken in heparin administration 
by this means. or of any alternative methods of therapy. Sympathetic nerve block and 
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proximal venous ligation are not mentioned at all. Postoperative anuria is discussed as if 
the sole problem were that of evacuating the bladder; renal failure is left untouched. 

Throughout the book the inadequacy of preoperative study and diagnosis is glaringly 
apparent. Intestinal obstruction is referred to as an indication for exploration without 
mention of differentiation by history, physical examination, or x-rays between colic and 
ileac obstruction. Rib resection is advised for empyema thoracis without mention of 
methods to assure drainage at the bottom of the cavity. 

All in all, the book impresses one as having been hurriedly prepared on the basis of 
narrow experience alone. Complete and up-to-date coverage of subjects is rarely found 
in it, and the subjects are presented in a manner too advanced for the beginner. The 
depth of study apparently involved in the preparation of the book is perhaps best signified 
by one bit of statistics: 

Number of pages, 557 
Number of references cited, 0 





Endocrinology of Woman. By FE. ©. Hamblen, B.S., M.D., Springfield, 1945, Charles C 
Thomas, Publisher. 


The first section of this book is a brief summary of the normal physiology and anat- 
omy of all the endocrine glands. As such it adds little to the value of the book except 
possibly for teaching purposes. 

The remainder of the book concerns the applied physiology, diagnostic methods, and 
functional disorders of the endocrine glands. A final section deals with the endocrino- 
logical aspects of gynecologic disease. It is here that the author has clearly presented 
one of the best, if not the best, summaries, of gynecologic endocrinology. The problem of 
sterility, its diagnosis and treatment, is handled well and in sufficient detail. 

In some instances controversial subjects have not been completely presented. Never- 
theless, they have been recognized and suitable references quoted. 

Both author and publisher should be commended for the pleasing format. TIllustra- 
tions, line drawings, graphs, and tables are abundant and especially well done. 

This book can be recommended as an authoritative textbook for medical students and 
a reliable guide for the clinical practice of the endocrinology peculiar to women. 





The Woman Asks the Doctor. By Emil Novak, M.D. Baltimore, 1944, Williams & Wilkins 
Company. 


Those who were familiar with the first edition of this popular book will find the 
second edition generally similar but with many revisions which bring it up to date. Those 
who are not familiar with the work will find it to be a conservative, sound discussion of 
gynecology for lay women. 

The reviewer submitted the book to several women whose educational background 
was approximately that of college level. Several had difficulty in understanding some of 
the discussion dealing with endocrinology, but aside from this they read the book with ease. 

This book can be recommended by physicians as an authoritative work for use by lay 
people and it should be of especial value during these busy days when time does not always 
permit leisurely counseling of gynecologic problems. 





Emergency Surgery. By Hamilton Bailey, F.R.C.S. (England). Ed. 5. Pp. 969, with 
1039 illustrations. Baltimore, 1944, Williams & Wilkins Company. $18.00. 


This is an ambitious book, one which undertakes to discuss emergency situations from 
acute mastoiditis to pulmonary embolus, to compound fractures, to ruptured tubal pregnancies. 
With such a breadth of coverages as this, the adequacy of most of the sections is amazing; 
but unfortunately, in the incomplete revisions which have occurred, many portions have 
become sadly out of date or provincial. Collection of blood from donors by the old open 
method is still described. Tannie acid is the exclusive method of burn treatment recom- 
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mended, even on the face. Primary anastomosis in the presence of small bowel obstruction 
is decried as commanding a 50 to 60 per cent mortality, a situation certainly no longer 
true since adoption of the closed methods which are not even mentioned. Many trade 
names of drugs (or provincialisms) are employed throughout the book. It is advised that 
exposed intestines be covered with hot saline towels, when well-controlled recent work has 
shown the tendency of this procedure to lead to adhesion formation. It is recommended that 
peritonitis be treated by cecostomy in many cases, a procedure long since abandoned in modern 
surgery. 

In spite of the examples cited, there is a great amount of good advice and common sense 
to be found in this book. It is perhaps a good reference volume for those with a background 
in surgery, but there is so much archaic misinformation included that it is hardly to be 
recommended to the initiate. A thorough re-editing could make a very generally useful volume 
of this effort. 





Announcement 


Due to conditions beyond the control of the editors and publishers, several issues of 
the JOURNAL are printed on an inferior grade of paper. Just as soon as the standard good 
grade of paper is available, its use will be resumed. 
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Bandage gauze 


in hypoproteinemic dogs (Pride 
et al.), 250 
Bone and tendons, scarred or ulcerative 


defects over, use of skin flaps in 
repair of (Padgett and Gaskins), 
287 

graft, molded (Barsky), 755 

suture, nylon (Rowe), 764 

267-400 ; 


October, pp. 401-528; 
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Book reviews, 131-132, 
780-782 
Bowel, large, gangrene of extensive segment 
of, acute colonic obstruction second- 
ary to carcinoma of sigmoid colon 
with (Kremen), 335 
perforation, observations 
berger), 547 
succinylsulfathiazole and intestinal suc- 
tion in surgery of (Newton and 
Blodgett), 200 
small, stricture following irradiation ther- 
apy for carcinoma of fundus uteri 
(Saltzstein), 556 
Branchial (lateral cervical) cysts and _ fis- 
tulas (Neel and Pemberton), 267 
Breast surgery, extensive, modification of Z 
plastic for primary skin closure fol- 
lowing; skin transposition in inci- 
sional defects (Sinaiko), 650 
Bronchial stump, closure of, following lobec- 
tomy or pneumonectomy (Sweet), 82 
Burns, compound fractures, lacerations, and 
gunshot wounds, occurrence and 
possible significance of Bacillus te- 
tani in (Hall), 377 
deep, routine for early skin grafting of 
(Rawles, Jr.), 696 
practical aspects of treatment of (Siegel 
et al.), 298 


398-400, 528, 662, 


on (Wein- 


C 


Cancer, advanced and inoperable, treatment 
of (Howes and Shapiro), 207 
in lymph nodes, surgical problem of 
(Sugarbaker), 608 
Carcinoma of ampulla and ampullary region, 
pancreaticoduodenectomy for (Orr), 
144 
of duodenal diverticulum involving head of 
pancreas; radical duodenopancrea- 
tectomy (Strode), 115 
of fundus uteri, small bowel stricture fol- 
lowing irradiation therapy for 
(Saltzstein), 556 
of pancreas, method of implanting pan- 
creatic duct into jejunum in 
Whipple operation for (Varco), 569 
of sigmoid and rectosigmoid involving 
urinary bladder (Dixon and Ben- 
son), 191 
colon, acute colonic obstruction second- 
ary to, with gangrene of extensive 
segment of large bowel (Kremen), 
300 
primary, of head of pancreas and ampulla 
of Vater, resection of duodenum 
and head of pancreas for (Cole and 
Reynolds), 133 
Casualties, severely wounded, resuscitation of 
(Lalich and Mason, IIT), 741 
Cavernosum mesenterii, chylangioma (Lubitz 
and Flynn), 772 
Cervical (branchial), lateral, cysts and _ fis- 
tulas (Neel and Pemberton), 267 
Cholangitis and pancreatitis from stricture 
of ampulla of Vater, relation of 
dynamics of biliary drainage to 
(McGowan), 470 
Chylangioma cavernosum mesenterii (Lubitz 


AA) 


and Flynn), 772 


| 
| 
| 
| 
| 
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Circulatory reactions induced by hemorrhage, 
anesthetic agents as factors in 
(Zweifach et al.), 48 

Circumcision, improved method of (Gersh), 
394 

Citrate intoxication in massive transfusions 
of whole blood, studies on mecha- 
nism of (Thornton, Jr., et al.), 595 

Clamp, intestinal spur-crushing (Wolfson), 
560 

Closure, extraperitoneal, of colostomy, im- 
proved method for (Shallow et al.), 
466 

of duodenal fistula (Snyder, Jr., et al.), 
562 

Coaretation of aorta, surgical correction for 
(Gross), 673 

Cod-liver oil ointment in surgery (Daughtry), 
510 

Colectomy and ileostomy in chronic ulcera- 

tive colitis (Dennis), 435 

chronie ulcerative, ileostomy and 

colectomy in (Dennis), 435 

Colon, lower, spontaneous rupture of, with 
evisceration of small intestine 
through anal orifice (McLanahan 
and Johnson), 478 

sigmoid, acute colonic obstruction second- 
ary to carcinoma of, with gangrene 
of extensive segment of large bowel 
(Kremen), 335 
surgery of, experimental evaluation of sul- 
fasuxidine and _ sulfathalidine in 
(Poth et al.), 529 
in forward battle area (Mason, III), 
534 
operative results of, for neoplastic dis- 
ease (Pierpont et al.), 541 

Colonie obstruction, acute, secondary to car- 
cinoma of sigmoid colon with gan- 
grene of extensive segment of large 
bowel (Kremen), 335 

Colostomy, extraperitoneal closure of, im- 
proved method for (Shallow et al.), 
466 

Cotton gauze bandage fabric, 
(Goldthwait et al.), 507 

ligatures and sutures, relaxation incisions, 
use of, for improved method of 
circumcision (Gersh), 394 

sutures in lower abdominal surgery, use 
of (Flax), 653 

Curare in anesthesia (Cullen), 45 

Cyclopropane—a personal 
(Waters), 26 

Cystitis, gangrenous (Cristol and Greene), 
343 


Colitis, 


semielastic 


evaluation 


Cysts and fistulas, lateral cervical (bran- 
chial) (Neel and Pemberton), 267 


D 
incisional, skin 
(Sinaiko), 650 
Dicumarol in prevention of postoperative 

thrombosis and pulmonary embo- 
lism (Reich et al.), 238 


Disarticulation, interscapulothoracic, of arm 
(Berman), 256 


Defects, transposition in 
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Disease, intrathoracic, and injury, patients 
with, treated on surgical service of 
United States Army general hos- 
pital in North Africa (Paine and 
Plankers), 401 

Diverticulum, pulsion, of hypopharynx at 
pharyngo-esophageal junction (Har- 
rington), 66 

Drainage, biliary, dynamics of (McGowan), 
70 


47 

Drug and parenteral fluid administration, 
new techniques for (MacQuigg), 
592 


Duodenal fistula, closure of (Snyder, Jr., 
et al.), 562 

Duodenopancreatectomy, 
115 

Duodenum and head of pancreas, resection 
of, for primary carcinoma of head 
of pancreas and ampulla of Vater 
(Cole and Reynolds), 133 


Dynamics of biliary drainage (McGowan), 


radical (Strode), 


470 
E 
Ear, external, care of injured (Webster), 
515 
Editorial, 130 
Embolism, pulmonary, and _ postoperative 


thrombosis, dicumarol in prevention 
of (Reich et al.), 238 
in fractures of hip (Golodner et al.), 
418 
Emergency surgery, 781 (B. Rev.) 
Empyema, putrid, without foul 
(Neuhof and Stats), 411 
Endocrinology of woman, 781 (B. Rev.) 
Esophagus, spicular foreign bodies in (Big- 
ger et al.), 603 


sputum 


Evisceration of small intestine through anal | 


orifice, spontaneous rupture of 
lower colon with (McLanahan and 
Johnson), 478 

Exophthalmos, progressive, hyperthyroidism 
with, and without tachveardia 
(Chapman and Rognoni), 522 

Explosions in anesthesia (Cole), 7 

External ear, injured, care of (Webster), 
515 

Extradural anesthesia (Lins), 502 

Extraperitoneal closure of colostomy, im- 
proved method for (Shallow et al.), 
466 

Extremities, lower, venous pressures in dis- 
orders of venous system of (Tyson 
and Goodlett), 669 

of man in health and disease, vascular re- 

sponses in, 780 (B. Rev.) 

Extrusion of gastric mucosa through py- 
lorus (Norgore and Shuler), 452 


F 
Fibrin foam, human, with thrombin as 
hemostatic agent in general sur- 


gery (Bailey et al.), 347 
Fistula, arteriovenous; suture technique for 
producing lateral anastomosis (Det- 
erling, Jr.), 679 
duodenal, closure of (Snyder, Jr., et al.), 
562 
gastrojejunocolic (Ransom), 177 
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Fistulas and cysts, lateral cervical (bran- 
chial) (Neel and Pemberton), 267 

Flap, tubed pedicled, new design for raising 
Gabarré), 732 

Flaps, skin, use of, in repair of scarred or 
ulcerative defects over bone and 
tendons (Padgett and Gaskins), 287 

Fluid, parenteral, and drug administration, 
new technique for (MacQuigg, 592 


Foam, human fibrin, with thrombin as hemo- 


static agent in general surgery 
(Bailey et al.), 347 

Foot, structure and function as seen in, 
399 (B. Rev.) 

Foramen of Winslow, radiographic diag- 


nosis of hernia into lesser peri- 
toneal sac through (Hollenberg), 
498 


Foreign bodies, spicular, in esophagus (Big- 
ger et al.), 603 
successful removal of, within pericar- 
dium (Watts and Toone), 685 
Forward battle area, surgery of colon 
(Mason, III), 534 
Foul sputum, putrid empyema without (Neu- 
hof and Stats), 411 
Fractures, compound, lacerations, gunshot 
wounds, and burns, occurrence and 
possible significance of Bacillus te- 
tani in (Hall), 377 
gunshot, of shaft of humerus (Fitts, Jr., 
et al.), 493 
of hip, pulmonary embolism in (Golodner 
et al.), 418 
Fundus uteri, carincoma of, small bowel 
stricture following irradiation ther- 
apy for (Saltzstein), 556 


in 


G 
Gangrene of extensive segment of large 
bowel, acute colonic obstruction 


secondary to carcinoma of sigmoid 
colon with (Kremen), 335 
progressive bacterial synergistic, treatment 
of, with penicillin (Meleney et al.), 
423 
Gangrenous cystitis 
343 
yastrectomies, subtotal, 
(Sanders), 229 
Gastrectomy, subtotal and _ palliative, 
chronic gastric ulcer (Colp 
Druckerman), 573 
Gastric mucosa, extrusion of, through py- 
lorus (Norgore and Shuler), 452 
ulcer, chronic, subtotal and palliative gas- 
trectomy for (Colp and Drucker- 
man), 573 
Gastrojejunocolic fistula (Ransom), 177 


(Cristol and Greene), 


for benign ulcer 
for 
and 


Gauze bandage fabric, semielastic cotton 
(Goldthwait et al.), 507 
Gius-Racely portable suction apparatus, 


modification of (Stone and Rodden- 
bery), 598 
Graft, molded bone (Barsky), 755 
Grafting, early skin, of deep burns, rou- 
tine for (Rawles, Jr.), 696 
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fractures of shaft of humerus 
(Fitts, Jr., et al.), 495 
wounds, compound fractures, lacerations, 


and burns, occurrence and possible 


Gunshot 


significance of Bacillus tetani in 
(Hall), 377 

Gynecomastia (II) (Gooel), 388 

H 

Healing of arteries and relationship to sec- 
ondary hemorrhage (Murray and 
Janes), 624 

Hemorrhage, circulatory reactions induced 


by, anesthetic agents as factors in 


(Zweifach et al.), 48 
secondary, healing of arteries and rela- 


tionship to (Murray and Janes), 
624 

single nonfatal, in hypoprote iemic dogs, 
body fluid and plasma _ protein 
changes following (Pride et al.), 
250 


Hemostatie agent in general surgery, human 

fibrin foam with thrombin as (Bai- 

ley et al.), 347 

radiographic diagnosis of, into 

lesser peritoneal’ sac through fora- 

men of Winslow (Hollenberg), 498 

Herniation of nucleus pulposus; _ refine- 
ment in operative technique (Rob- 
ertson and Peacher), 768 

Hip, fractures of, pulmonary embolism in 
(Golodner et al.), 418 

Histolyticus, Bacillus, occurrence of, in 
accidental wounds without recog- 
nized specific infection (Hall), 369 

Human fibrin foam with thrombin as hemo- 


Hernia, 


static agent in general surgery 
(Bailey et al.), 347 
Humerus, gunshot fractures of shaft of 


(Fitts, Jr., et al.), 493 
Hypertension and hypertensive disease, 662 
(B. Rev.) 
arterial. Its diagnosis 

780 (B. Rev.) 

Hyperthyroidism with progressive exophthal- 
mos and without tachycardia (Chap- 
man and Rognoni), 522 


and treatment, 


Hypochloremic state in surgical patients 
(Ireneus, Jr.), 582 
Hypopharynx, pulsion diverticulum of, at 


pharyngo-esophageal junction (Har- 
rington), 66 

Hypoproteinemic dogs, single nonfatal hemor- 
rhage in, body fluid and plasma pro- 
tein changes following (Pride et 
al.), 250 


I 


lleostomy and colectomy in chronic ulcera- 
tive colitis (Dennis), 435 
Iliac arteries and abdominal aorta, retro- 


grade arteriography in study of 
Farifias), 244 

Incisional defects, skin transposition in 
(Sinaiko), 650 

Incisions, relaxation, cotton ligatures and 


sutures, use of, for improved method 
of circumcision (Gersh), 394 
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Infantile pyloric stenosis, surgical treatment 
py ’ 8 
of, use of transverse abdominal in- 
cision in (Horgan), 339 
Infection, recognized specific, occurrence of 
Bacillus histolyticus in accidental 
wounds without (Hall), 369 
Ingrown nails, cure of, new instrument and 
simplified technique for (Whitesell, 
Jr.), 660 
Injured external ear, care of (Webster), 515 
and intrathoracic disease, patients 
with, treated on surgical service of 
United States Army general hos- 
pital in North Africa (Paine and 
Plankers), 401 
Inoperable and advanced cancer, treatment 
of (Howes and Shapiro), 207 


Injury 


Instrument, new, and simplified technique 
for cure of ingrown nails (White- 
sell, Jr.), 660 

Integument, scrotal, loss of (Wetherell), 525 

Intercostal nerve block (Belinkoff), 37 


Interseapulothoracic disarticulation of arm 
(Berman), 256 

Intestinal spur-crushing clamp (Wolfson), 
560 


suction and succinylsulfathiazole in sur- 
gery of large bowel (Newton and 
Blodgett), 200 


Intestine, small, spontaneous rupture of 
lower colon with evisceration of, 
through anal orifice (McLanahan 


and Johnson), 478 

Intoxication, citrate, in massive transfusions 
of whole blood, studies on mecha- 
nism of (Thornton, Jr., et al.), 595 

Intrahilar and related segmental anatomy of 
lung (Boyden), 706 

Intrathoracic disease and injury, patients 
with, treated on surgical service of 
United States Army general hos- 
pital in North Africa (Paine and 
Plankers), 401 

Intravenous needle in situ, method of re- 
taining (Sinaiko), 777 

Intubation, muscular; new techniques for 
parenteral fluid and drug adminis- 
tration (MacQuigg), 592 

Intussusception in adults (Iason), 457 

Irradiation therapy, for carcinoma of fun- 
dus uteri, small bowel stricture fol- 
lowing (Saltzstein), 556 

Islands of Langerhans, adenoma of, origin 
and growth of (Good), 159 

Islet-cell tumors of pancreas (Maxeiner and 
Bundy), 171 


J 


Jejunum, method of implanting pancreatic 
duct into, in Whipple operation for 
carcinoma of pancreas (Varco), 569 


L 


Laceration, compound fractures, gunshot 

wounds, and burns, occurrence and 
possible significance of Bacillus 
tetani in (Hall), 377 
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Lateral cervical (branchial) cysts and fistulas 
(Neel and Pemberton), 267 
surgical treatment of long-standing 
phlebitis of (Buxton and Coller), 
663 
Lesions, shoulder, 400 (B. Rev.) 
Ligation of inferior vena cava 
and Buxton), 85 
Ligatures and sutures, cotton, and relaxation 
incisions, use of, for improved 
method of circumcision (Gersh), 394 
Lobectomy or pneumonectomy, closure of 
bronchial stump following (Sweet), 
82 
anatomy of, intrahilar and 
segmental (Boyden), 706 


Leg, 


(Northway 


Lung, related 


Lymph nodes, surgical problem of cancer in 
(Sugarbaker), 608 


M 
Medicine, tropical, outline of, 598 (B. Rev.) 
Mental and nervous disease, association for 
research in; pain, 131 (B. Rev.) 
Mesenterii, chylangioma cavernosum (Lubitz 
and Flynn), 772 
Molded bone graft (Barsky), 775 
Mortality factors in 
(Hoerr), 305 
Mucosa, gastric, extrusion of, through py- 
lorus (Norgore and Shuler), 452 


acute appendicitis 


Muscular intubation; new techniques for 
parenteral fluid and drug admin- 


istration (MacQuigg), 592 


N 

Nails, cure of ingrown, new instrument and 
simplified technique for (Whitesell, 
Jr.), 660 

Needle, intravenous, in situ, method of re- 
taining (Sinaiko), 777 

Neoplastic disease, operative results of sur- 
gery of colon for (Pierpont et al.), 
541 

Nerve block, intercostal (Belinkoff), 37 

Nervous and mental disease, association 
research in; pain, 131 (B. Rev.) 

Neurosurgical patient, care of, 528 (B. Rev.) 

Nodes, lymph, surgical problem of cancer 
in (Sugarbaker), 608 

North Africa, United States Army general 

hospital in, patients with intra- 

thoracic disease and injury treated 

on surgical service of (Paine and 

Plankers), 401 

pulposus, herniation of; refinement 

in operative technique (Robertson 

and Peacher), 768 

Nylon bone suture (Rowe), 764 


for 


Nucleus 


O 


Obstruction, acute colonic, secondary to ecar- 
cinoma of sigmoid colon with gan- 
grene of extensive segment of large 
bowel (Kremen), 335 

Ointment, cod-liver oil, in surgery (Daugh- 

try), 510 
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Operation, primary and secondary _ pull- 
through, after removal of tumors of 
rectum and rectosigmoid, technique 
and results cf (Mandl), 318 

Operations of general surgery, 399 (B. Rev.) 

Operative results of surgery of colon for 
neoplastic disease (Pierpont et al.), 
541 

Osteomyelitis of skull—treatment with peni- 


cillin and repair of defect with 
tantalum (Schnitker and McCarthy), 
94 
P 

Pain. Research publications association for 
research in nervous and mental dis- 
ease, 131 (B. Rev.) 

Palliative and subtotal gastrectomy for 
chronic gastric ulcer (Colp and 


Druckerman), 573 
Pancreas, carcinoma of, method of implant- 
ing pancreatic duct into jejunum 
in Whipple operation for (Varco), 
565 
head of, and duodenum, resection of, for 
primary carcinoma of head of pan- 
creas and ampulla of Vater (Cole 
and Reynolds), 133 
islet-cell tumors of (Maxeiner and Bundy), 
171 
Pancreatic duct, method of implanting, into 
jejunum in Whipple operation for 
zarcinoma of pancreas (Varco), 569 


Pancreaticoduodenectomy for carcinoma of 
ampulla and ampullary _ region 
(Orr), 144 


Pancreatitis and cholangitis from stricture of 
ampulla of Vater, relation of dy- 
namics of biliary drainage to (Me- 
Gowan), 470 

Parenteral fluid and drug administration, 
new techniques for (MacQuigg), 592 

Pedicled flap, tubed, new design for raising 
(Gabarré), 722 

Penicillin in warfare, 131 (B. Rev.) 

peritoneal absorption of (Shafiroff), 753 
treatment of progressive bacterial syner- 
gistic gangrene with (Meleney et 
al.), 423 
treatment with, and repair of defect with 
tantalum—osteomyelitis of skull 
(Schnitker and McCarthy), 94 
Peptic ulcer, effect of total thyroidectomy 


on experimental production of 
(Wu), 619 
Perforations, large bowel, observations of 


(Weinberger), 547 

Pericardium, successful removal of foreign 
bodies within (Watts and Toone), 
685 

Peritoneal absorption of penicillin (Shafi- 
roff), 753 

sac, lesser, radiographic diagnosis of her- 

nia into, through foramen of Wins- 
low (Hollenberg), 498 

Pharyngo-esophageal, junction, pulsion di- 
verticulum of hypopharynx at (Har- 
rington), 66 

Phlebitis, long-standing, of 


leg, surgical 


treatment of (Buxton and Coller), 
663 
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Phthalylsulfathiazole 
sulfasuxidine in 
experimental 
et al.), 529 

Plasma protein and body fluid changes fol- 
lowing single nonfatal hemorrhage 
in hypoproteinemic dogs (Pride et 
al.), 250 

Pneumonectomy or lobectomy, closure of 
bronchial stump foliowing (Sweet), 
82 

Popliteal artery, suture of (Imes), 644 

Prolonged anesthesia (Knight and Baird), 33 


(sulfathalidine) and 
surgery of colon, 
evaluation of (Poth 


Protein, plasma, and body fluid changes fol- 
lowing single nonfatal hemorrhage 
in hypoproteinemic dogs (Pride et 
al.), 250 

Pull-through operation, primary and _ sec- 
ondary, after removal of tumors of 
rectum and rectosigmoid, technique 
and results of (Mandl), 318 

Pulmonary embolism in fractures of hip 

(Golodner et al.), 418 

diverticulum of hypopharynx at 

pharyngo-esophageal junction (Har- 

rington), 66 

Putrid empyema without foul sputum (Neu- 

hof and Stats), 411 

stenosis, infantile, surgical treat- 

ment of, use of transverse abdom- 

inal incision in (Horgan), 339 

Pylorus, extrusion of gastrie mucosa through 
(Norgore and Shuler), 452 


Pulsion 


Pylorie 


R 


Radical duodenopancreatectomy (Strode), 115 

Radiographic diagnosis of hernia into lesser 
peritoneal sac through foramen of 
Winslow (Hollenberg), 498 

Rectal prolapse, complication of advanced; 
spontaneous rupture of lower colon 
with evisceration of small intestine 
through anal orifice (MceLanahan 
and Johnson), 478 

Rectosigmoid and rectum, tumors of, tech- 
nique and results of primary and 
secondary pull-through operation 
after removal of (Mandl), 318 

and sigmoid, carcinoma of, involving uri- 

nary bladder (Dixon and Benson), 
191 

Rectum and rectosigmoid, removal of tumors 
of, technique and results of pri- 
mary and _ secondary pull-through 
operation after (Mandl), 318 

Removal, successful, of foreign bodies with- 
in pericardium (Watts and Toone), 
685 

Resection of duodenum and head of pan- 
creas for primary carcinoma of 
head of pancreas and ampulla of 
Vater (Cole and Reynolds), 133 

Resuscitation of severely wounded casualties 
(Lalich and Mason, III), 741 

Rupture, spontaneous, of lower colon with 
evisceration of small intestine 
through anal orifice (McLanahan 
and Johnson), 478 
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Ss) 

Searred or ulcerative defects over bone and 
tendons, use of skin flaps in repair 
of (Padgett and Gaskins), 287 

Serotal integument, loss of (Wetherell), 525 

Segmental anatomy of lung, intrahilar and 
related (Boyden), 706 

Shaft of humerus, gunshot fractures of 
(Fitts, Jr., et al.), 493 

Shoulder lesions, 400 (B. Rev.) 

Sigmoid and rectosigmoid, carcinoma of, in- 
volving urinary bladder (Dixon and 
Benson), 191 

colon, acute colonic obstruction secondary 
to carcinoma of, with gangrene of 
extensive segment of large bowel 
(Kremen), 335 

Skin flaps, use of, in repair of scarred or 
ulcerative defects over bone and 
tendons (Padgett and Gaskins), 287 

grafting, early, of deep burns, routine for 
(Rawles, Jr.), 696 

transposition in incisional defects (Sina- 
iko), 650 

Skull, osteomyelitis of—treatment of, with 
penicillin and repair of defect with 
tantalum (Schnitker and Me- 
Carthy), 94 

Sodium pentothal anesthesia, intravenous, in 
major surgical cases (Shutt), 43 

Spicular foreign bodies in esophagus (Big- 
ger et al.), 603 

Spur-erushing clamp, intestinal 
560 

Sputum, foul, putrid empyema without (Neu- 
hof and Stats), 411 


(Wolfson), 


Static spark in explosions in anesthesia 
(Cole), 12-15 
Stenosis, infantile pyloric, surgical treat- 


ment of, use of transverse abdom- 
inal incision in (Horgan), 339 
Stricture, small bowel, following irradiation 
therapy for carcinoma of fundus 
uteri (Saltzstein), 556 
Stump, bronchial, closure of, following lo- 
bectomy or pneumonectomy (Sweet), 


82 
Subtotal and palliative gastrectomy for 
chronic gastric ulcer (Colp and 


Druckerman), 573 
gastrectomies for benign ulcers (Sanders), 
229 
Succinylsulfathiazole and intestinal suction 
in surgery of large bowel (New- 
ton and Blodgett), 200 
(sulfasuxidine) and sulfathalidine in sur- 
gery of colon, experimental evalu- 
ation of (Poth et al.), 529 
Suction apparatus, modification of Gius- 
Racely portable (Stone and Rodden- 
bery), 598 
intestinal, and succinylsulfathiazole in sur- 
gery of large bowel (Newton and 
Blodgett), 200 
Sulfasuxidine and sulfathalidine in surgery 
of colon; experimental evaluation of 
(Poth et al.), 529 











Sulfathalidine and sulfasuxidine in surgery 
of colon, experimental evaluation of 
(Poth et al.), 529 
Surgery, cod-liver oil ointment in (Daugh- 
try), 510 
emergency, 781 (B. Rev.) 
experimental vascular, studies in (Smith), 
627 
general, human fibrin foam with thrombin 
as hemostatic agent in (Bailey et 
al.), 347 
operations of, 399 (B. Rev.) 
1944 year book of, 662 (B. Rev.) 
lower abdominal, use of cotton sutures in 
(Flax), 653 
minor, 780 (B. Rev.) 
of large bowel, succinylsulfathiazole 
intestinal suction in (Newton 
Blodgett), 200 
Surgical correction for coarctation of aorta 
(Gross), 673 
patients, hypochloremic state in (Ireneus, 
Jr.), 582 
problem of cancer in lymph ne-les (Sugar- 
baker), 608 
service of United States Army 
hospital in North Africa, patients 
with intrathoracic disease and in- 
jury treated on (Paine and Plank- 
ers), 401 
treatment of infantile pyloric stenosis, use 
of transverse abdominal incision in 
(Horgan), 339 
of long-standing deep phlebitis of leg 
(Buxton and Coller), 663 
textbook of, including operative surgery, 
780 (B. Rev.) 
Suture, nylon bone (Rowe), 764 
of popliteal artery (Imes), 644 
technique for producing lateral anastomo- 
sis; arteriovenous fistula (Deterling, 
Jr.), 679 
Sutures and ligatures, cotton, and relaxa- 
tion incision, use of, for improved 
method of circumcision (Gersh), 394 
cotton, in lower abdominal surgery, use of 
(Flax), 653 
Symposium on anesthesia, 1-65 
on diseases of pancreas, 133-177 
Synergistic gangrene, progressive bacterial, 
treatment of, with penicillin (Mele- 
ney et al.), 425 





and 
and 


general 


fi 
Tachyeardia, hyperthyroidism with progres- 
sive exophthalmos and _ without 


(Chapman and Rognoni), 522 
Tantalum, repair of defect with, and treat- 
ment with penicillin—osteomyelitis 
of skull (Schnitker and McCarthy), 
94 
Tendons and bone, scarred or ulcerative de- 
fects over, use ot skin flaps in re- 
pair of (Padgett and Gaskins), 287 
Bacillus, occurrence and _ possible 
significance of, in compound frac- 


tures, lacerations, gunshot wounds, 
and burns (Hail), 377 


Tetani, 
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Tetanus, three hundred fifty-two cases of 
(Vinnard), 482 
Thrombin, human fibrin foam with, as hemo- 


static agent in general surgery 
(Bailey et al.), 347 
Thrombosis, postoperative, and pulmonary 


embolism, dicumarol in prevention 
of (Reich et al.), 238 
Thyroidectomy, total, effect of, on experi- 
mental production of peptic ulcer 
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